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CHAPTER 1

INTRODUCTION

The Ada implementation described above was tested according to the
Ada Validation Procedures [Pro92] against the Ada Standard [Ada83)
using the current Ada Compiler Validation Capability (ACVC). This
Validation Summary Report (VSR) gives an account of the testing of
this Ada implementation. For any technical terms used in this
report, the reader is referred to [Pro92]. A detailed description
of the ACVC may be found in the current ACVC User's Guide [UG89].

1.1 USE OF THIS VALIDATION SUMMARY REPORT

Consistent with the national laws of the originating country, the
Ada Certification Body may make full and free public disclosure of
this report. In the United States, this is provided in accordance
with the "Freedom of Information Act" (5 U.S.C. #552). The results
of this validation apply only to the computers, operating systems,
and compiler versions identified in this report.

The organizations represented on the signature page of this report
do not represent or warrant that all statements set forth in this
report are accurate and compilete, or that the subject
implementation has no nonconformities to the Ada Standard other
than those presented. Copies of this report are available to the
public from the AVF which performed this validation or from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161
U.S.A.

Questions regarding this report or the validation test results
should be directed to the AVF which performed this validation or
to:

Ada Validation Organization
Computer and Software Engineering Division
Institute for Defense Analyses
1801 North Beauregard Street
Alexandria, Virginia 22311-1772
U.S.A.
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1.2 REFERENCES

[Ada83] Reference Manual for the Ada ProaramminQ Language,
ANSI/MIL-STD-1815A, February 1983 and ISO 8652-1987.

[Pro92] Ada Compiler Validation Procedures, Version 3.1, Ada Joint
Program Office, August 1992.

[UG89] Ada Compiler Validation Capability User's Guide, 21 June
1989.

1.3 ACVC TEST CLASSES

Compliance of Ada implementations is tested by means of the ACVC.
The ACVC contains a collection of test programs structured into six
test classes: A, B, C, D, E, and L. The first letter of a test
name identifies the class to which it belongs. Class A,-C, D, and
E tests are executable. Class B and class L tests are expected to
produce errors at compile time and link time, respectively.

The executable tests are written in a self-checking manner and
produce a PASSED, FAILED, or NOT APPLICABLE message indicating the
result when they are executed. Three Ada library units, the
packages REPORT and SPPRT13, and the procedure CHECK FILE are used
for this purpose. The package REPORT also provfdes a set of
identity functions used to defeat some compiler optimizations
allowed by the Ada Standard that would circumvent a test objective.
The package SPPRT13 is used by many tests for Chapter 13 of the Ada
Standard. The procedure CHECK FILE is used to check the contents
of text files written by some of the Class C tests for Chapter 14
of the Ada Standard. The operation of REPORT and CHECK FILE is
checked by a set of executable tests. If these units are not
operating correctly, validation testing is discontinued.

Class B tests check that a compiler detects illegal language usage.
Class B tests are not executable. Each test in this class is
compiled and the resulting compilation listing is examined to
verify that all violations of the Ada Standard are detected. Some
of the class B tests contain legal Ada code which must not be
flagged illegal by the compiler. This behavior is also verified.

Class L tests check that an Ada implementation correctly detects
violation of the Ada Standard involving multiple, separately
compiled units. Errors are expected at link time, and execution is
attempted.

In some tests of the ACVC, certain macro strings have to be
replaced by implementation-specific values--for example, the
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largest integer. A list of the values used for this implementation
is provided in Appendix A. In addition to these anticipated test
modifications, additional changes may be required to remove
unforeseen conflicts between the tests and implementation-dependent
characteristics. The modifications required for this
implementation are described in section 2.3.

For each Ada implementation, a customized test suite is produced by
the AVF. This customization consists of making the modifications
described in the preceding paragraph, removing withdrawn tests (see
section 2.1) and, possibly some inapplicable tests (see Section 3.2
and [UG89]).

In order to pass an ACVC an Ada implementation must process each
test of the customized test suite according to the Ada Standard.

1.4_ DEFINITION OF TERMS

Ada Compiler The software and any needed hardware that
have to be added to a given host and target
computer system to allow transformation of
Ada programs into executable form and
execution thereof.

Ada Compiler The means for testing compliance of Ada
Validation implementations, Validation consisting of
Capability (ACVC) the test suite, the support programs, the

ACVC Capability User's Guide and the
template for the validation summary (ACVC)
report.

Ada Implementation An Ada compiler with its host computer
system and its target computer system.

Ada Joint Program The part of the certification body which
Office (AJPO) provides policy and guidance for the Ada

certification Office system.

Ada Validation The part of the certification body which
Facility (AVF) carries out the procedures required to

establish the compliance of an Ada
implementation.

Ada Validation The part of the certification body that
Organization (AVO) provides technical guidance for operations

of the Ada certification system.

Compliance of an The ability of the implementation to pass an
Ada Implementation ACVC version.
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Computer System A functional unit, consisting of one or more
computers and associated software, that uses
common storage for all or part of a program
and also for all or part of the data
necessary for the execution of the program;
executes user- written or user-designated
programs; performs user-designated data
manipulation, including arithmetic
operations and logic operations; and that
can execute programs that modify themselves
during execution. A computer system may be a
stand-alone unit or may consist of several
inter-connected units.

Conformity Fulfillment by a product, process, or
service of all requirements specified.

Customer An individual or corporate entity who enters
into an agreement with an AVF which
specifies the terms and conditions for AVF
services (of any kind) to be performed.

Declaration of A formal statement from a customer assuring
Conformance that conformity is realized or attainable on

the Ada implementation for which validation
status is realized.

Host Computer A computer system where Ada source programs
System are transformed into executable form.

Inapplicable Test A test that contains one or more test
objectives found to be irrelevant for the
given Ada implementation.

ISO International Organization for
Standardization.

LRM The Ada standard, or Language Reference
Manual, published as ANSI/MIL-STD-1815A
-1983 and ISO 8652-1987. Citations from the
LRM take the form "<section>.<subsection>:
<paragraph>."

Operating System Software that controls the execution of
programs and that provides services such as
resource allocation, scheduling,
input/output control, and data management.
Usually, operating systems are predominantly
software, but partial or complete hardware
implementations are possible.

Target Computer A computer system where the executable form
System of Ada programs are executed.
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Validated Ada The compiler of a validated Ada
Compiler implementation.

Validated Ada An Ada implementation that has been
Implementation validated successfully either by AVF testing

or by registration [Pro92].

Validation The process of checking the conformity of an
Ada compiler to the Ada programming language
and of issuing a certificate for this
implementation.

Withdrawn Test A test found to be incorrect and not used in
conformity testing. A test may be incorrect
because it has an invalid test objective,
fails to meet its test objective, or
contains erroneous or illegal use of the Ada
programming language.
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CHAPTER 2

IMPLEMENTATION DEPENDENCIES

2.1 WITHDRAWN TESTS

Some tests are withdrawn by the AVO from the ACVC because they do
not conform to the Ada Standard. The following 104 tests had been
withdrawn by the Ada Validation Organization (AVO) at the time of
validation testing. The rationale for withdrawing each test is
available from either the AVO or the AVF. The publication date for
this list of withdrawn tests is 93-11-22.

B27005A E28005C B28006C C32203A C34006D C35507K
C35507L C35507N C355070 C35507P C35508I C35508J
C35508M C35508N C35702A C35702B C37310A B41308B
C43004A C45114A C45346A C45612A C45612B C45612C
C45651A C46022A B49008A B49008B A54B02A C55B06A
A74006A C74308A B83022B B83022H B83025B B83025D
B83026B C83026A C83041A B85001L C86001F C94021A
C97116A C98003B BA2011A CB7001A CB7001B CB7004A
CC1223A BC1226A CC1226B BC3009B BDIB02B BD1B06A
AD1BO8A BD2AO2A CD2A21E CD2A23E CD2A32A CD2A41A
CD2A41E CD2A87A CD2B15C BD3006A BD4008A CD4022A
CD4022D CD4024B CD4024C CD4024D CD4031A CD4051D
CD5111A CD7004C ED7005D CD7005E AD7006A CD7006E
AD7201A AD7201E CD7204B AD7206A BD8002A BD8004C
CD9005A CD9005B CDA201E CE2107I CE2117A CE2117B
CE2119B CE2205B CE2405A CE3111C CE3116A CE3118A
CE3411B CE3412B CE3607B CE3607C CE3607D CE3812A
CE3814A CE3902B

2.2 INAPPLICABLE TESTS

A test is inapplicable if it contains test objectives which are
irrelevant for a given Ada implementation. The inapplicability
criteria for some tests are explained in documents issued by ISO
and the AJPO known as Ada Commentaries and commonly referenced in
the format AI-ddddd. For this implementation, the following tests
were determined to be inapplicable for the reasons indicated;
references to Ada Commentaries are included as appropriate.

The following 201 tests have floating-point type declarations
requiring more digits than SYSTEM.MAXDIGITS:

C24113L..Y (14 tests) C35705L..Y (14 tests)
C35706L..Y (14 tests) C35707L..Y (14 tests)
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C35708L..Y (14 tests) C35802L..Z (15 tests)
C45241L..Y (14 tests) C45321L..Y (14 tests)
C45421L..Y (14 tests) C45521L..Z (15 tests)
C45524L..Z (15 tests) C45621L..Z (15 tests)
C45641L..Y (14 tests) C46012L..Z (15 tests)

C24113I..K (3 tests) use a line length in the input file which
exceeds 126 characters.

C35404D, C45231D, B86001X, C86006E, and CD7101G check for a
predefined integer type with a name other than INTEGER,
LONGINTEGER, or SHORTINTEGER; for this implementation, there is
no such type.

C35713B, C45423B, B86001T, and C86006H check for the predefined
type SHORTFLOAT; for this implementation, there is no such type.

C35713D and B8600lZ check for a predefined floating-point type with
a name other than FLOAT, LONG FLOAT, or SHORTFLOAT; for this
implementation, there is no such type.

C45531M..P and C45532M..P (8 tests) check fixed-point operations
for types that require a SYSTEM.MAX MANTISSA of 47 or greater; for
this implementation, MAXMANTISSA is less than 47.

C45624A..B (2 tests) check that the proper exception is raised if
MACHINE OVERFLOWS is FALSE for floating point types and the results
of various floating-point operations lie outside the range of the
base type; for this implementation, MACHINEOVERFLOWS is TRUE.

C4AO13B contains a static universal real expression that exceeds
the range of this implementation's largest floating-point type;
this expression is rejected by the compiler.

D56001B uses 65 levels of block nesting; this level of block
nesting exceeds the capacity of the compiler.

B86001Y uses the name of a predefined fixed-point type other than
type DURATION; for this implementation, there is no such type.

C96005B uses values of type DURATION's base type that are outside
the range of type DURATION; for this implementation, the ranges are
the same.

CA2009C and CA2009F check whether a generic unit can be
instantiated before its body (and any of its subunits) is compiled;
this implementation creates a dependence on generic units as
allowed by AI-00408 and AI-00506 such that the compilation of the
generic unit bodies makes the instantiating units obsolete. (See
section 2.3.)
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CD1009C checks whether a length clause can specify a non-default
size for a floating-point type; this implementation does not
support such sizes.

CD2A84A, CD2A84E, CD2A84I..J (2 tests), and CD2A840 use length
clauses to specify non-default sizes for access types; this
implementation does not support such sizes.

The following 264 tests check operations on sequential, text, and
direct access files; this implementation does not support external
files:

CE2102A..C (3) CE2102G..H (2) CE2102K CE2102N..Y (12)
CE2103C..D (2) CE2104A..D (4) CE2105A..B (2) CE2106A..B (2)
CE2107A..H (8) CE2107L CE2108A..H (8) CE2109A..C (3)
CE2110A..D (4) CE2111A..I (9) CE2115A..B (2) CE2120A..B (2)
CE2201A..C (3) EE2201D..E (2) CE2201F..N (9) CE2203A
CE2204A..D (4) CE2205A CE2206A CE2208B
CE2401A..C (3) EE2401D CE240IE..F (2) EE2401G
CE2401H..L (5) CE2403A CE2404A..B (2) CE2405B
CE2406A CE2407A..B (2) CE2408A..B (2) CE2409A..B (2)
CE2410A..B (2) CE2411A CE3102A..C (3) CE3102F..H (3)
CE3102J..K (2) CE3103A CE3104A..C (3) CE3106A..B (2)
CE3107B CE3108A..B (2) CE3109A CE3110A
CE3111A..B (2) CE3111D..E (2) CE3112A..D (4) CE3114A..B (2)
CE3115A CE3119A EE3203A EE3204A
CE3207A CE3208A CE3301A EE3301B
CE3302A CE3304A CE3305A CE3401A
CE3402A EE3402B CE3402C..D (2) CE3403A..C (3)
CE3403E..F (2) CE3404B..D (3) CE3405A EE3405B
CE3405C..D (2) CE3406A..D (4) CE3407A..C (3) CE3408A..C (3)
CE3409A CE3409C..E (3) EE3409F CE3410A
CE3410C..E (3) EE341OF CE3411A CE3411C
CE3412A EE3412C CE3413A..C (3) CE3414A
CE3602A..D (4) CE3603A CE3604A..B (2) CE3605A..E (5)
CE3606A..B (2) CE3704A..F (6) CE3704M..O (3) CE3705A..E (5)
CE3706D CE3706F..G (2) CE3804A..P (16) CE3805A..B (2)
CE3806A..B (2) CE3806D..E (2) CE3806G..H (2) CE3904A..B (2)
CE3905A..C (3) CE3905L CE3906A..C (3) CE3906E..F (2)

CE2103A, CE2103B, and CE3107A use an illegal file name in an
attempt to create a file and expect NAMEERROR to be raised; this
implementation does not support external files and so raises
USEERROR. (See section 2.3.)

2.3 TEST MODIFICATIONS

Modifications (see section 1.3) were required for 71 tests.

The following tests were split into two or more tests because this
implementation did not report the violations of the Ada Standard in
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the way expected by the original tests.

B22003A B26001A B26002A B26005A B28003A B29001A B33301B
B35101A B37106A B37301B B37302A B38003A B38003B B38009A
B38009B B55AOlA B61001C B61001F B61001H B61001I B61001M
B61001R B61001W B67001H B83A07A B83A07B B83A07C B83EOlC
B83EO1D B83EOlE B85001D B85008D B91001A B91002A B91002B
B91002C B91002D B91002E B91002F B91002G B91002H B91002I
B91002J B91002K B91002L B95030A B95061A B95061F B95061G
B95077A B97103E B97104G BA1001A BA1I01B BC1109A BC1109C
BC1109D BC1202A BC1202F BC1202G BE2210A BE2413A

C83030C and C86007A were graded passed by Test Modification as
directed by the AVO. These tests were modified by inserting
"PRAGMA ELABORATE (REPORT) ;" before the package declarations at
lines 13 and 11, respectively. Without the pragma, the packages
may be elaborated prior to package Report's body, and thus the
packages' calls to function REPORT.IDENTINT at lines 14 and 13,
respectively, will raise PROGRAMERROR.

CA2009C and CA2009F were graded inapplicable by Evaluation
Modification as directed by the AVO. These tests contain
instantiations of a generic unit prior to the compilation of that
unit's body; as allowed by AI-00408 and AI-00506, the compilation
of the generic unit bodies makes the compilation unit that contains
the instantiations obsolete.

BC3204C and BC3205D were graded passed by Processing Modification
as directed by the AVO. These tests check that instantiations of
generic units with unconstrained types as generic actual parameters
are illegal if the generic bodies contain uses of the types that
require a constraint. However, the generic bodies are compiled
after the units that contain the instantiations, and this
implementation creates a dependence of the instantiating units on
the generic units as allowed by AI-00408 and AI-00506 such that the
compilation of the generic bodies makes the instantiating units
obsolete--no errors are detected. The processing of these tests
was modified by re-compiling the obsolete units; all intended
errors were then detected by the compiler.

CE2103A, CE2103B, and CE3107A were graded inapplicable by
Evaluation Modification as directed by the AVO. The tests abort
with an unhandled exception vhen USE ERROR is raised on the attempt
to create an external file. This Is acceptable behavior because
this implementation does not support external files (cf. AI-00332).
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CHAPTER 3

PROCESSING INFORMATION

3.1 TESTING ENVIRONMENT

The Ada implementation tested in this validation effort is
described adequately by the information given in the initial pages
of this report.

For technical information about this Ada implementation, contact:

Forrest Holemon
410 North 44th Street, Suite 320
Phoenix, Arizona 85008 (U.S.A.)

Telephone: 602-275-7172
Telefax: 602-275-7502

For sales information about this Ada implementation, contact:

Mike Halpin
410 North 44th Street, Suite 320
Phoenix, Arizona 85008 (U.S.A.)

Telephone: 602-275-7172
Telefax: 602-275-7502

Testing of this Ada implementation was conducted at the customer's
site by a validation team from the AVF.

3.2 SUMMARY OF TEST RESULTS

An Ada Implementation passes a given ACVC version if it processes
each test of the customized test suite in accordance with the Ada
Programming Language Standard, whether the test is applicable or
inapplicable; otherwise, the Ada Implementation fails the ACVC
[Pro92].

For all processed tests (inapplicable and applicable), a result was
obtained that conforms to the Ada Programming Language Standard.

The list of items below gives the number of ACVC tests in various
categories. All tests were processed, except those that were
withdrawn because of test errors (item b; see section 2.1), those
that require a floating-point precision that exceeds the
implementation's maximum precision (item e; see section 2.2), and
those that depend on the support of a file system--if none is
supported (item d). All tests passed, except those that are listed
in sections 2.1 and 2.2 (counted in items b and f, below).
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a) Total Number of Applicable Tests 3562

b) Total Number of Withdrawn Tests 104
c) Processed Inapplicable Tests 504
d) Non-Processed I/O Tests 0
e) Non-Processed Floating-Point

Precision Tests 0

f) Total Number of Inapplicable Tests 504 (c+d+e)
g) Total Number of Tests for ACVC 1.11 4170 (a+b+f)

3.3 TEST EXECUTION

A magnetic tape containing the customized test suite (see section
1.3) was taken on-site by the validation team for processing. The
contents of the magnetic tape were loaded directly onto the host
computer.

After the test files were loaded onto the host computer, the full
set of tests was processed by the Ada implementation. The DDC-I
Ada Symbolic Debugger runs on the Sun SPARCstation IPX and is used
for downloading the executable images to the target Intel iSBC
186/100 (Bare Machine). The DDC-I Debug Monitor runs on the target
Intel iSBC 186/100 (Bare Machine) and provides communication
interface between the host debugger and the executing target Intel
iSBC 186/100 (Bare Machine). The two processes communicate via
ethernet to download and via RS-232 to upload.

The tests were compiled and linked on the host computer system, as
appropriate. The executable images were transferred to the target
computer system by the communications link described above, and
run. The results were captured on the host computer system.

Testing was performed using command scripts provided by the
customer and reviewed by the validation team. See Appendix B for
a complete listing of the processing -options for this
implementation. It also indicates the default options. The
options invoked explicitly for validation testing during this test
were:

-list

Test output, compiler and linker listings, and job logs were
captured on magnetic tape and archived at the AVF. The listings
examined on-site by the validation team were also archived.
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APPENDIX A

MACRO PARAMETERS

This appendix contains the macro parameters used for customizing
the ACVC. The meaning and purpose of these parameters are
explained in [UG89]. The parameter values are presented in two
tables. The first table lists the values that are defined in terms
of the maximum input-line length, which is the value for
$MAX IN LEN--also listed here. These values are expressed here as
Ada strIng aggregates, where "V" represents the maximum input-line
length.

Macro Parameter Macro Value

SMAXINLEN 126 -- Value of V

SBIGID1 (1..V-1 => 'A', V -> 'I1)

$BIGID2 (1..V-1 => 'A', V => '2')

SBIGID3 (1..V/2 => 'A') & '3' & (l..V-l-V/2 -> 'A')

$BIGID4 (1..V/2 => 'A') & '4' & (l..V-1-V/2 => 'A')

$BIGINTLIT (l..V-3 -> '0') & "298"

SBIGREALLIT (l..V-5 => '0') & "690.0"

SBIGSTRING1 '""' & (1..V/2 => 'A') & '""'

$BIGSTRING2 '""' & (1..V-I-V/2 => 'A') & 'e' & '""'

SBLANKS (l..V-20 => '

SMAXLENINTBASEDLITERAL
"2:-" & (1..V-5 => '0') & "11:"

SMAXLENREAL BASED-LITERAL
"16:" & (1..V-7 => '0') & "F.E:"

$MAXSTRINGLITERAL '""' & (l..V-2 => 'A') & '""I
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The following table contains the values for the remaining
macro parameters.

Macro Parameter Macro Value
------------------------------------------------------------

ACC SIZE : 32
ALIGNMENT : 1
COUNT LAST : 32767
DEFAULT MEM SIZE : 1 048_576
DEFAULT STOR UNIT : 16
DEFAULT -SYS _AME : IAPXI86
DELTA DOC - : 2#1.0#E-31
ENTRY-ADDRESS : (140,0)
ENTRY-ADDRESS1 : (141,0)
ENTRY-ADDRESS2 : (142,0)
FIELD-LAST : 35
FILE T-ERMINATOR : ASCII.SUB
FIXED NAME : NO SUCH FIXEDTYPE
FLOAT NAME : SHORTSHORTFLOAT
FORM S-TRING : ""

FORMSTRING2
"CANNOT RESTRICT FILECAPACITY"

GREATER THAN DURATION : 75 000.0
GREATER-THAN-DURATIONBASELAST : 131_073.0
GREATER_-THAN-FLOAT BASELAST : 16#1.0#E+32
GREATER THAN FLOAT SAFE LARGE : 16V#5.FFFF FO#E+31
GREATER -THAN -SHORT_-FLOATSAFELARGE: 1.0E308
HIGH PRIORITY : 31
ILLEGALEXTERNALFILENAMEl : \NODIRECTORY\FILENAME
ILLEGAL_-EXTERNALFILE-_NAME2

THIS-FILE-NAME-IS-TOO-LONG-FOR-MY-SYSTEM
INAPPROPRIATELINE LENGTH : -1
INAPPROPRIATEPAGELENGTH : -1
INCLUDEPRAGMAl

PRAGMA INCLUDE ("A28006D1.ADA")
INCLUDEPRAGMA2

PRAGMA INCLUDE ("B28006E1.ADA")

INTEGER FIRST : -32768
INTEGER-LAST : 32767
INTEGER LAST PLUS 1 : 32768
INTERFACELANGUAGE : ASM86
LESS THAN DURATION : -75 000.0
LESS -THAN-DURATIONBASEFIRST : -131_073.0
LINE TERMINATOR : ASCII.CR
LOW PRIORITY : 0
MACHINECODESTATEMENT

MACHINE INSTRUCTION' (NONE,m_NOP);
MACHINE CODETYPE : REGISTERTYPE
MANTISSADOC : 31
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MAXDIGITS : 15
MAXINT : 2147483647
MAXINTPLUS_1 : 2147483648
MIN INT- : -2147483648
NAMEi : SHORT-SHORTINTEGER
NAMELIST : IAPX186
NAMESPECIFICATIONi

DISK$AWC_2: (CROCKETTL. ACVC11 .DEVELOPMENT] X2120A
NAMESPECIFICATION2

DISKSAWC -2: (CROCKETTL.ACVC11 .DEVEL-OPMENT] X2120B
NAMESPECIFICATION3

DISK$AWC-2: (CROCKETTL.ACVC11. DEVELOPMENT] X3 119A
NEGBASEDINT : 16#FFFFFFFF#
NEWMENSIZE : 1_048_576
NEW STO-R UNIT : 1-6
NEW SYS NAME : IAPX186
PAGE TERMINATOR : ASCII.FF
RECORD DEFINITION : RECORD NULL;END RECORD;
RECORDNAME : NOSUCHMACHINECODETYPE
TASKSITZE : 16-
TASK_-STORAGESIZE : 1024
TICK : 0.000 000_125
VARIABLE-ADDRESS : (16p0i,16#1FF9#)
VARIABLE-ADDRESS1 : (16#4#,16#1FF9#)
VARIABLE ADDRESS2 : (16#8#,16#1FF9#)
YOURPRAGMA : EXPORTOBJECT
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APPENDIX B

COMPILATION SYSTEM OPTIONS

The compiler options of this Ada implementation, as described in this
Appendix, are provided by the customer. Unless specifically noted
otherwise, references in this appendix are to compiler documentation and
not to this report.
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LINKER OPTIONS

The linker options of this Ada implementation, as described in this
Appendix, are provided by the customer. Unless specifically noted
otherwise, references in this appendix are to linker documentation and
not to this report.
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5 THE ADA COMPILER

The Ada Compiler compiles all program units within the specif•ed source file and inserts the
generated objects into the curmnt program library. Compiler options are provided to allow the
user control of optimizationr n-time checks, and compiler input and output options such as list
files, configuration files, the program library used. etc.

The input t the compiler cos of th source file. die configuration file (which controls the
format of the list file). and the compiler options. Section 5.1 provides a list of all compiler
options, and Section 5.2 describes the somu and configuraton files.

If any diagnostic messages asm produced during the compilation, they ae output on the diagnostic
file and on the cut output file. The diagnostic file and the diagnostic messages ase described
in Section 5.3.2.

Output consists of an object placed in the program library, diagnostic messages, and optional
listings. The configuration file and the compiler options specify the format and contents of the
list information. Output is described in Section 5.3.

The compiler uses a program library during the compilation. The compilation unit may refer to
units from the program library, and an intenal epresentation of the compilation unit will be
included in the program library as a result of a successful compilation. The program library is
described in Chapter 3. Section 5.4 briefly describes how the Ada compiler uses the library.

5.1 Invoking the Ada Compiler

Invoke the Ada compiler with the following command to the SunOS shell

S ada (<option>) csource-flie-name>

where the options and parameters are:
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OPTION DESCRIPTION REFERENCE

*[nolauto-ioline Specifies whether local subprograms should be 5.1.1
inline expanded.

.check Conaols run-time checks. 5.12.
-cmalgtulrtio-fte Specifies the configuration file used by the 5.1.3

-[noldebug Includes symbolic debugging information in 5.1.4
prloram Library. Does not include symbolic
information.

[.[olflxporntjoundlng Generates fixed point rounding code. Avoids fixed 5.1.5
point rounding code.

.[nolfloat-allowed Flap generation of float instructions as 5.1.6
error if selected.

-[nollibrary Specifies program library used. 5.1.7
-[nollist Writes a source listing on the list file. 5.1.8
*[nojoptimize Specifies compiler optimizantion. 5.1.9
-[nolprogess Displays compiler pogress. 5.1.10
-[nowxrf Cmetes a cross reference listing. 5.1.11
.[nolsave source Copies source to progran library. 5.1.12
-[noltarge,.debug Includes Intel debug information. Does not include 5.1.13

Intel debug information.
-unit Assigns a specific unit number to the compilation 5.1.14

(must be free and in a sublibrary).
-recompile Interpret the file name as a compilation unit body

that must be recompiled from library. 5.1.15
-specification With -recompile interpret file name as a

compilation unit specification rather tan body. 5.1.16

Examples:

S ada -lst testpzog

This example compiles the source file testprogada and generates a list file with the name
test-aoIs.

$ ada -,ibazy uy.býzay tamt

This example compiles the source file tesLada into the library myibrary.

Default values exist for most options as indicated in the following sections. Option names may
be abbreviated (characters omitted from the right) as long as no ambiguity arises.
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<sourcte-ffle-nain

The Ada compiler has one mandatory parameter that should specify the Ada source file.
This parameter specifies the text file containing the source text to be compiled. If the file type
is omitted in the source file specification, the file type ".ada" is assumed by defaullt.

The allowed format of the source text is described in Section 5.-.1.

Below follows a descpriion of each of the available options to the invocation of the Ada
compiler.

5.1.1 -[nolauto nline

-auto nhliie local I global
.. oauto In.ne (default)

This option specifies whether subprograms should be inline expanded. The inline expansion only
occurs if the subprogram has less than 4 object declarations and less than 6 statements, and if the
subprogram fulfills the requirements defined for pragma INLINE (see Section C2..3). LOCAL
specifies that only inline expansion of locally defined subprograms should be done, while
GLOBAL will cause inline expansion of all subprograms, including subprograms from other units.

5.1.2 -check

-check [ <keyword;l = ON I OFF { ,ckeyword> = ON I OFF}]
-check ALL=ON (default)

-check specifies which rum-tine checks should be performed. Setting a run-time check to ON
enables the check, while sening it to OFF disables the check. All run-time checks are enabled by
default. The following explicit checks will be disabled/enabled by using the name as <keyword>:

ACCESS Check for access values being non NULL
ALL All checks.
DISCRIMINANT Checks for discriminated fields.
ELABORATION Checks for subprograms being elaborated.
INDEX Index check.
LENGTH Array length check.
OVERFLOW Explicit overflow checks.
RANGE Checks for values being in range.
STORAGE -Checks for sufficient storage available.
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5.13 -conflguratlonfile

-eonfiguration-.efil le specN.
,Confliguradon.flle config (default)

This opton specifies the configuration file to be used by the compiler in the current compilation.
The configuration file allows the user to format compiler listings, set error limits. etc. If the
option is omitted the configuration file config located in the same directory as the Ada compiler
is used by defaulL Section 5.2.2 contains a desciption of the configuration file.

5.1.4 -[noidebug

-debug
-nodebug (default)

Generate debug information for the compilation and store the information in the program library.
This is necessary if the unit is to be debugged with die DDC-I Ada Symbolic Cross Debugger.
Note that the program must also be linked with the -debug option. if the program is to be
debugged with the DDC-I Ada Symbolic Cross Debugger. See Section 6.5.11.

5.1S -[nolflxpoint.rounding

-f1xpointjrounding (default)
.noflxpointjounding

Normally ail inline generated code for fixed point MULTIPLY and DIVIDE is rounded. but this
may be avoided with -noflxpoint rounding. Inline code is generated for all 16 bit fixed point
types and for 32 bit fixed point types, when the target is 80386PM or 80486PM.

5,1.6 .nojfloat allowed

-float allowed (default)
-nofloat allowed

Float instnrction generation may be flagged as enots, if -nofloat is selected. This is for use in
systems, where no floating point processor (nor emulator) is available. Notice that TEXTIO uses
floats in connection with FLOATJO and FIXEDIO.
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5.1.7 41brary

-library lie-spec>
-library Sada.ibrary (default)

This option specifies the current sublibr'y that will be used in the compilation and will receive
the object when the compilation is complete. By specifying a current sublibrary, the current
program library (current sublibrary and ancestors up to root) is also implicitly specified.

If this option is omitted, the sublibrary designated by the environmental variable ada-Jibrary is
used as the curent sublibrary. Section 5.4 describes how the Ada compiler uses the library.

5.1.8 -[nollist

-list

-nolist (default)

-list specifies that a source listing will be produced. The source listing is written to the list file,
which has the name of the source file with the extension Jis. Section 5.3.1.1 contains a description
of the source listing.

If -nolist is active, no source listing is produced. regardless of LIST pragmas in the program or
diagnostic messages produced.

5.1.9 -optimize

-optimize f ckeyword>: on I off { ,ckeywordz = on I off) ]
-optimize all=off

This option specifies which optimizations will be performed during code generation. The possible
keywords are: (casing is irrelevant)

all All possible optimizations are invoked.
check Eliminates superfluous checks.
cse Performs common subexpression elimination including common

address expressions.
fct2proc Change ftnction calls returning objects of constrained array types

or objects of record types to pmcedure calls.
reordering Transforms named aggregates to positioal aggregates and named

paramer associaions to posuonal associations.
stack height Performs stack height reductions (also called Aho Ullman

reordering).
block Optimize block and call frames.

Setting an optimization to on enables the optimization, VV1e setting an optimization to off disables
the optimizaton. All opuimizations are disabled by defaulL In addition to the optional
optimizations, the compiler always performs the following optimizations: constant folding, dead
code elimination, ad selection of optimal jumps.
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5.1.10 -[nolprogress

-progress
.mprogress (default)

When this option is given, the compiler will output data about which pass the compiler is
curently running.

5.1.11 -[nolxref

.noxref (default)

A cross-reference iisting can be requested by the user by means of the option -xref. If the -xref
option is given and no severe or fatal errors are found during the compilation, the cross-reference
listing is written to the list file. The cross-reference listing is described in Section?.

S.1.12 -[nojsave.source

.savfsource (default)
.nosave source

When -savesource is specified, a copy of -ie compiled source code is placed n the program
library. If .nosaveesource is used. source code will not be retained in the program library.

Using -nonve..source, while helping to keep library sizes smaller, does affect the operation of
the necompiler, see Chapter 7 for more details. Also. it will not be possible to do symbolic
debugging at the Ada source code level with the DACS-80x86 Symbolic Ada Debugger, if the
source codc is not saved in the library.

5.143 -[noltarLet-debug

-target debug
-notargetdebug (default)

Specifies whether symbolic debug information on standard OMF is included in the object file.
Currently the linker does not support the OMF debug information.

This option may be used when debugrging with standard OMF tools (i.e., l'ICE).
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L114 -unit

-unit = <unlt-number

The specified unit number will be assigned to the compilation unit if it is free and it is a legal
unit number for the library.

$.1.15 -recompile

-recompile

The file name (source) is interpreted as a compilation unit name which has its source saved from
a previous compilation. If -specification is not specified, it is assumed to be body which must be
recopiled-

5.1.16 -specification

,specification

Works only together with -recompile, see Section 5.1.15.

5.2 Compiler Input

Input to the compiler consists of the command li-e options, a source text file and. optionally. a
configuration file.

5.2.1 Source Text

The user submits one file containing a source text in each compilation. The source text may
consist of one or more compilation units (see ARM Section 10.1).

The format of the source text must be in ISO-FORMAT ASCII. This format requires that the
source text is a sequence of ISO characters (ISO standard 646), where each line is terminated by
:ither one of the following termination sequences (CR means carriage return, VT means vertical
tabulation, LF means line feed, and FF mcans form feed):

"• A sequence of one or more CRs, where the sequence is neither immediately preceded nor
immediately followed by any of the characters VT, LF, or FF.

"* Any of the characte VT. LF, or FF, immediately preceded and followed by a sequence of zero
or more CRs.

In general, ISO control characters are not permitted in the source text with the following
exceptions:
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- The horizontal tabulation (HT) character may be used as a separator between lexical units.

* LF. VT. FF. and CR may be used to terminate lines, as described above.

The maximum number of characters in an input line is determined by the contents of the
configuration file (see section 5.1.3). The control characters CR. VT. LF. and FF are not
considered a part of the line. Lines containing more than the maximum number of characters are
truncated and an error message is issued.

S.2.2 Confluration File

Certain processing characterisics of the compiler, such as format of input and output. and error
limit, may be modified by the user. These characteristics are passed to the compiler by means
of a configuration file, which is a standard SPARC/SunOS text file. The contents of the
configuration file must be an Ada positional aggregate, written on one line, of the type
CONFIGURATIONRECORD, which is described below.

The configuration file (config) is not accepted by the compiler in the following cases:

"* The syntax does not conform with the syntax for positional Ada aggnegates.
"• A value is outside the ranges specified.
"* A value is not specified as a literal.
" LINES_P.eR_PAGE is not greater than TOP_MARGIN + BOTrOMMARGIN.
"* The aggregate occupies more than one line.

If the compiler is unable to accept the configuration file, an error message is written on the
current output file and the compilation is terminated.

This is the record whose values must appear in aggregate form within the confguration file. The
record declaration makes use of some other types (given below) for the sake ýf! clarity.
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type CO'TIGURATION-RECORD is
record

IN FORMAT: INFORMATTING;
OUT FORMAT: OUTFORMATTING;
ERROR LIMIT: INTEGER;

end recor~d;

type INPUT-FORMATS is (ASCII);

type INFORMATTING is
record

INPUT FORMAT: INPUT FORMATS;
INPUTLINELENGTH: INTEGER range 70..250;

end record;

type OUTFORMATTING is
record

LINES PER PAGE : INTEGER range 30..100;
TOP MARGIN : INTEGER range 4.. 90;
BOTTOM-MARGIN : INTEGER range 0.. 90;
OUTJLINELENGTH : INTEGER range 80..132;
SUPPRESSERRORNO : BOOLEAN;

end record;

The outformaming parameters have the following meaning:

1) LINESPER.PAGE: specifies the maximum number of lines written on each page
(including top and bottom margin).

2) TOPMARGIN: specifies the number of lines on top of each page used for a standard
heading and blank lines. The heading is placed in the middle lines of the top margin.

3) BOTTOMMARGIN: specifies the minimum number of lines left blank in the bottom of
the page. The number of lines available for the listing of the program is LINES
PER-PAGE - TOP-MARGIN - BOTTOMMARGIN.

4) OUTLINELENGTH: specifies the maximum number of characters written on each line.

Lines longer than OUTLINELENGTH ae separated into two lines.

5) SUPPRESSERRORNO: specifies the format of error messages (see Section 5.3.5.1).

The name of a user-supplied configuration file can be passed to the compiler though the
configuration-file option. DDC-I supplies a default configuration file (config) with the following
content:
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Figure 5-1. Page Layout

S.3 Compiler Output

The compiler may produce output in the list file, the diagnostic fle, and the curnt output file.
It also updates the program library if the compilation is successful The present section describes
the text output in the three files mentioned above. The updating of the program library is
described in Section 5.4.

The compiler may produce the following text output:

I) A listing of the source text with embedded diagnostic messages is written on the list file,
if the option -list is active.

2) A compilation summary is written on the list file, if -lls is active.

3) A cross-reference listing is written on the list file, if -xref is active and no severe or fatal
errors have been detected during the compilation.

4) If there are any diagnostic messages, a diagnostic file containing the diagnostic messages

is written.

5) Diagnostic messages other than wanAngs are written on the cumrn output file.
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5.3.1 The List File

The name of the list file is identical to the name of the source file except that it has the file type
".lis. The file is located in the current (default) directory. If any such file exists prior to the
compilation, the newest version of the file is deleted. If the user requests any listings by
specifying the options -list or -xref, a new list file is created.

The list file may include one or more of the following pans: a source listing, a cross-reference
listing, and a compilation summary.

The parts of the list file are separated by page ejects. The contents of each part are described in
the following sections.

The format of the output on the list file is controlled by the configuration file (see Section 5.2.2)
and may therefore be controlled by the user.

5.3.1.1 Source lIsting

A source listing is an unmodified copy of the source text. The listing is divided into pages and
each line is supplied with a line number.

The number of lines output in the source listing is governed by the occurrence of LIST pragmas
and the number of objectionable lines.

"• Parts of the listing can be suppressed by the use of the LIST pragma.

"* A line containing a construct that caused a diagnostic message to be produced is printed even
if it occurs at a point where listing has been suppressed by a LIST pragma.

5.3.1.2 Compilation Summary

At the end of a compilation. the compiler produces a summary that is output on the list file if the
option -list is active.

The summary contains information about:

1) The type and name of the compilation unit. and whether it has been compiled successfully
or nOL

2) The number of diagnostic messages produced for each class of severity (see Section
5.3.2.1).

3) Which options were active.

4) The full name of the source file.

5) The full name of the current sublibrary.

6) The number of source text lines.
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7) The size of the code produced (specified in bytes).

8) Elapsed real time and elapsed CPU time.

9) A "Compilation terminated" message if the compilation unit was the last in the compilation
or "Compilation of next unit initiated" otherwise.

.3.1.3 Crou-Referuuce Usting

A cross-refen ce listing is an alphabetically sorted list of the identifiers, operators. and character
lterals of a compilation UiL The list has an ermy for each entity declared and/or used in the
unit, with a few exceptions nated below. Overloading is evidenced by the occurrence of multiple
entries for the same identifier.

For inmtantiaions of generic units, the visible declarations of the generic unit ae included in the
cross-reference listing as declared immediately after the instantiation. The visible declarations are
the subprogram parameters for a generic subprogramn and the declarations of the visible part of the
package declaration for a generic padcage.

For type declarations. all implicitly declared operations are included in the cross-reference listing.

Cross-reference information will be produced for every consuent character literal for string
literals.

The following are not included in the cross reference listing:

"* Pragma identiliers and pragma argument identifiers.

"* Numeric literls.

"* Record component identifiers and discriminant identifiers. For a selected name whose selector
denotes a record component or a discriminant, only the prefix generates cross-reference
informatiom.

"• A parent unit name (following the keyword SEPARATE).

Each entry in the cross-reference listing contains:

"* The identifier with, at most. 15 characters. If the identifier exceeds 15 characters, a bar (Tr)
is written in the 16th position and the rest of the characters ae not printed.

"* The place of the definition. i.e.. a line number if the entity is declared in the current
compilaton unit. otherwise the name of the compilation unit in which die enuty is declared
and the line number of the declaration.

"* The numbers of the lines in which the entity is used. An asteridsk C*) after a line number
indicates an assigrnent to a variable, initialization of a constant, assignments to functions, or
user-defined operators by means of RETURN statements. Please refer to Appendix B.3 for
examples.
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5.3.2 The Diagnostic File

The name of the diagnostic file is identical to the name of the source file except that it has the
Mile type ".err". It is located in the currem (default) directory. If any such file exists prior to the
compilation, the newest version of the file is deleted. If any diagnostic messages awe produced
during the compilation a new diagnostic file is created.

The diagnostic file is a text file containing a list of diagnostic messages, each followed by a line
showing the number of the line in the source text causing the message, and a blank line. There
is no separation into pages and no headings. The file may be used by an interacve editor to
show the diagnostic messages together with the erroneous source text.

S.3±1 Diagnostic Messages

Th Ada compiler issues diagnostic messages on the diagnostic file. Diagnostics other than
warnings also appear on the curremt output file. If a source text listing is required, the diagnostics
are also found embedded in the list file (see Section 5.3.1).

In a source listing, a diagnostic message is placed immediately after the source line causing the
message. Messages not related to any particular line ami placed at the top of the listing. Every
diagnostic message in the diagnostic file is followed by a line stating the line number of the
objectional line. The lines am ordered by increasing source line mumbers. Line number 0 is
assigned to messages not related to any particular line. On the curren output file the messages
appear in the order in which they ae generated by the compiler.

The diagnostic messages are classified according to their severity and the compiler action takerE

Warning: Reports a questionable construct or an error that does not influence the meaning of the
program. Warnings do not hinder the generation of object code.

Example: A warning will be issued for constructs for which the compiler detects will
raise CONSTRAINTM.ERROR at run time.

Error Reports an illegal onstnuct in the source program. Compilation continues, but no object
code will be generated.

Examples: most syntax eroms most static semantic errors.

Severe Reports an errr which causes the compilation to be terminated imediately.
error No object code is geneated.

Example: A severe error message will be issued if a library unit mentioned by a
WITH clause is not present in the current program library.
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Fatal Reports an error in the compiler system itself. Compilation is terminated immediately
error and no object code is produced. The user may be able to circumvent a fatal error by

conrcting the program or by replacing program constructs with alternatives. Please
inform DDC-[ about the occurrence of fatal errors.

The detection of more error than allowed by the number specified by the ERROR-lIMIT
parameter of the configuration file (see section 5.2.2) is considend a severe error.

53.2.2 Fonnat and Content of Diagnostic Messeges

For certain syntactically incorrect constucts. the diagnostic message consists of a pointer line and
a text line. In other cases a diagnostic message consists of a text line only.

The pointer line contains a pointer (a carat symbol A) to the offending symbol or to an illegal

character.

The text line contains the following information:

- the diagnostic message identification

- the message code XY-Z where

X is the message number

Y is the severity code. a letter showing the severity of the error

W: warning
E: error
S: severe error
F: fatal error

Z is an integer which, together with the message number X. uniquely identifies the compiler
location that generated the diagnostic message; Z is of importance mainly to the compiler
maintenance team - it does not contain information of interst to the compiler user.

The mesage code (with the exception of the severity code) will be suppressed if the
parameter SUPPRESSERRORNO in the configuration file has the value TRUE (see
section 5..2).

* the message text the text may include one context dependent field that contains the name of
the offending symbol; if the name of the offending symbol is longer than 16 characters only
the first 16 chacters shown.

Examples of diagnosfic mesages:

1811-3: Warninq: Exception CONSTRMINTEMA.OR will be raised here

320E-2: Name OBJ does not denote a type

535E-O: Expression in return statement Missing
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1508s-0: Specification for this package body not present in the library

5.4 The Program Ubrary

This secmon briefly describes how the Ada compiler changes the program library. For a more
general description of the program library, the user is refened to Chapter 3.

The compiler is allowed to read from all sublibranes constituting the curn pmrgm library. but
only the current sublibrary may be changed.

S.4.1 Correct Compilations

In the following examples it is assumed that the compilation units ame correctly compiled. i.e.. that
no errors are detected by the compiler.

Compilation of a library unit which is a declaration

If a declaration unit of the same name exists in the curnmt sublibrary, it is deleted together with
its body unit and possible subunits. A new declaration unit is inserted in the sublibrary, together
with an empty body unit.

Compilation of a library unit which is a subprogram body

A subprogram body in a compilation unit is tmated as a secondary unit if the current sublibrary
contains a subpagram declaration or a generic subprogram declaration of the same name and this
declaration unit is not invalid. In all other cases it will be tmated as a library nit, i.e.:

"* when there is no library unit of that name

"* when there is an invalid declaration unit of that name

"* when there is a package declaration, generic package declarton. an instantiated packa., cr
subpmgm of that name

Compilation of a library unit which is an instantation

A possible existing declaration unit of that name in the curent sublibrary is deleted together with
its body unit and possible subunits. A n& w declaration unit is inserted.

Compilation of a secondary unit which is a library wuit body

The existing body is deleted from the sublibrary together with its possible subunits. A new body
unit is inserted.
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Compilatim of a secod•a-y unit which Is a subunit

If the subunit exists in the sublibrary it is deleted together with ius possible subunits. A new
subunit is inerted.

5.4.2 lacorred Compilations

If the compiler detects an error in a compilation unit, the program library will remain unchanged.

Note that if a file consists of several compilation units and an error is detected in any of these
compilation units, the program library will not be updated for any of the compilation unts.

S.S Instantiation of Generic Units

This section describes the rules after which generic instantation is performed.

S.S.1 Order of Compilation

When instantiating a generic unit, it is required that the entire unit, including body and possible
subunits. be compiled before the first instantiafivt This is in accordance with the ARM Chapter
10.3 (0).

S.5.2 Generic Formal Private Types

The present section describes the treaument of a generic unit with a genric formal private type.
where there is some construct in the generic unit that requires that the corresponding actual type
must be constrained if it is an arry type or a type with discriminants, and there exists
instannations with such an unconstrained type (see ARMK Section 12.3.2(4)). This is considered
an illegal combination. In some caes the error is detected when the instrmatiion is compiled, in
other cases when a constraint-requiring construct of the generic unit is compiled:

1) If the instantiation appears in a later compilation unit than the fim constraint-requiring
construct of the generic unit, the error is associated with the isantiation which is rejected
by the compiler.

2) If the instaniation appears in the same compilation unit as the first constraint-requiring
construction of the generic unit, ther ar two possibil.es:

a) If there is a constraint-requiring construction of the generic unit after the instaniation.
an eror message appears with the

b) If the instantiation appears after all constraint requiring constructs of the generic unit
in that compilation unit. an error message appears with the constraint-requiring
construct. but will refer to dhe illegal instatiation.
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3) The insmtantiation appears in am earlier compilation unit than the first constraint-requiring
conarumcion of the generic unit. which in that case will appear in the generic body or a
subunit. If the insttiation has been accepted, the insmantiation will correspond to the
generic declaration only, and not include the body. Nevertheless, if the generic unit and
the instantiation are located in the same sublibrary. then the compiler will consider it an
error. An error message will be issued with the constraint-requiring construct and will refer
to the illegal instantiataon. The unit containing the instaniation is not changed. however,
and will not be marked as invalid.

S.6 Uninitialized Variables

Use of uninitialized variables is not flagged by the compiler. The effect of a program that refers
to the value of an uninitialized variable is undefined. A cross-reference listing may help to find
uninitialized variables.

5.7 Program Structure and Compilation Issues

The following limitations apply to the DACS-80x86 Ada Compiler Systems for the Real Address
Mode and 286 protected mode only:

"The Ada compiler supports a "modified large" memory model for data references. The
"modified large" memory model associates one data segment for each hierarchical sublibrary in
the Ada program library. All package data declared within a sublibrary is efficiently referenced
from Ada code compiled into the same sublibrary. A slight increase in code size results hom
referencing package data compiled into a different hierarchical level. Intel's medium memory
model can thus be obtained by utilizing only one level of Ada program library, the mot
sublibrary.

"* The Ada compiler supports a large memory model for executable code. Although the size of
a single compilation unit is restricted to 32K words, the total size of the code portion of a
program is not restricted.

"* The space available for the static data of a compilation unit is 64K - 20 bytes.

"* The space available for the code generated for a compilation unit is limited to 32K words.

"* Any single object cannot exceed 64K - 20 bytes.

The following limitations apply to all DACS-80x86 products:

"• Each source file can contain, at most, 32.767 lines of code.

"* The name of compilation units and identifiers may not exceed the number of characters given
in the IlPUTLINELENGTH parameter of the configuration file.

"• An integer literal may not exceed the range of LONG_INTEGER. a real literal may not exceed
the range of LONG-FLOAT.
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7The number of formal parameters pennined in a procedure is limited to 127 per parameter
secificaon. There is no limit on the number of procedure specifications. For example. the
declaration:

procedure OVER-LIMIT (INTEGER01,
INTZGER02,

rNTZGER166: in INTZGER);

exceeds the limit. but the procedure can be accomplishied with the following:

procedure UNDZR LIMIT (INTZGER01 : in INTEGER;
INTEGER02 : in INTEGER;

INTZGER166 :in INTEGER);

The above limitations are diagnosed by the compiler. In practice these limitations are seldom
resrictive and may easily be circumvented by using subunits, separate compilation, or creating new
sublibranes.

5.8 Compiler Code Optimizations

DDC-I's Ada compiler for the iAPX 80x86 microprocessor family generates compact. efficient
code. This efficiency is achieved, in part, by the compiler's global optimizer. Optimizations
performed include:

"• Common subexpression elimination
"* Elimination of redundant constraint checks
"• Elimination of redundant elaboration checks
"* Cotant folding
"• Dead code elimination
"* Optimal register allocation
"* Selection of optimal jumps
"* Optional nm-time check suppression
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6 THE ADA LINKER

The DACS linker must be executed to create an executable program in the target environment.
Linking is a two stage process that includes an Ada link using the compilation units in the Ada
program library, and a target link to integrate the application code, run-time code, and any
additional configuration code developed by the user. The linker performs these two stages with a
single command, providing options for controlling both the Ada and target link processes.

This chapter describes the link process, except for those options that configure the Run-Time
System, which is described in detail in Chapter 7.

6.1 Invoking the Linker

Enter the following command at the shell to invoke the linker.

S'adajllnk ({optlon>) <unit-name>

where the options and parameters are:

Ad3 Linker Options

OPTION DESCRIPTION REFERENCE

.[noldebug Links an application for use with the 6.5.11
DACS-80x86 Symbolic Cross Debugger.

-enable task trace Enables trace when a task terminates in 6.5.28
unhandled exception.

-exception space Defines area for exception handling in task stack. 6.5.29
-[nojextract Extracts Ada Object modules 6.5,14
-interrupt.entry table Range of interrupt entries. 6.5.27
-library The library used in the link. 6.5.7
-[nojlog Specifies creation of a log file. 6.5.9
.Itsegment-size Library task default segment size. 6.5.23
-It stack size Library task default stack size. 6.5.22
-mn _segment size Main program segment size. 6.5.25
.mpstack size Main program stack size. 6.5.24
-[nolnpx Use of the 80x87 numeric coprocessor. 6.5.16
-options Specifies target link options. 6.5.6
.priority Default task priority. 6.5.18
-reserve stack Size of reserve stack. 6.5.21
-Mms Select Rate Monotonic Scheduling Run-Time 6.5.13

Kernel (optional).
-.no]root extract Using non-DDC-l units in the root library. 6.5.10
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.(noirts Includes or excludes the rin-time system. 6.5.12
-narchlib Target libraries or object modules to include 6.5.4

in target link.
-selectivejlnk Removes uncalled code from final program. 6.5.8
-ign_on Produce sign on and sign off messages. 6.5.30
-stop.before-fink Performs Ada link only. 6.5.5
-tasks Maximum number of tasks or non-tasking 6.5.17

application.
-task_soragesize Tasks default storage size. 6.5.26
-template Specifies template file. 6.5.15
-tiner Timer resolution. 6.5.20
-time-slice Task time slicing. 6.5.19

All options may be abbreviated (characters omitted from the right) as long as no ambiguity arises.
Casing is significant for options but not for options keywords.

Note: Several simultaneous links of the same program should not be performed in the same
directory.

6.1.1 Diagnostic Messages

Diagnostic messages from the Ada Linker are output on the current output file and on the optional
JoZ file. The messages are output in the order they are generated by the linker.

The linker may is-ue two kinds of diag'isuc messages: warnings and severe errors.

A varning reports something which does not prevent a successful linking, but which might be an
error. A warning is issued if there is something wrong with the body unit of a program unit
which formally does not need a body unit, e.g. if the body unit is invalid or if there is no object
code container for the body unit. Warnings are only output on the log file, not on the current
output file. The linking summary on the log file will contain the total number of warnings issued.
even if the issued warnings have not been output.

A severe error message reports an error which prevents a successful linking. Any inconsistency
detected by the linker will. for instance, cause a severe error message. e.g. if some required unit
does not exist in the library or if some time stamps do not agree. If the linker is used for
consequence examination. all inconsistencies introduced by the hypothetical recompilations are
reported as errors.

A unit not marked as invalid in the program library may be reported as being invalid by the
.nker if them is something wrong with the unit itself or with some of the units it depends on.

6.2 The Linking Process

The linking process can be viewed as two consecutive processes. Both are automatically carried
out when issuing the link command adalink.
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The first process constitutes the Ada link process and the second constitutes the target link

The Ada link process

"* retrieves the required Ada object modules from the program library,

"• determines an elaboration order for all Ada units,

- creates a module containing the User Configurable Data (UCD) from the specified configuraton
options to the linker and

" creates a shell script that carries out the target link process (i.e.. dlnkbldx86). The locate/build
phase is an integral part of the target link.

If the option -stop.before-link is NOT specified (default), the above script is executed
automatically. Otherwise the linking process is halted at this point.

When -stop-before.ink is specified, all temporary files am retrieved for inspection or
modification. The target linker is invoked by executing the shell script.

6.2.1 Temporary Files

The following temporary files are in use during the link phase:

<mainprogram>.Jink.com The shell script which invokes the target linker.

<main..program> elabcode.o The object code for the calling sequence of the elaboration
code.

<main.program>_ucd.o The object code generated from the RTS configuration
options (see Section 7.2).

<main..program>_uxxxxx.o The Ada object modules which have been extracted from the
program library. xxxxx is the unit number of the Ada uniL
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The foilowing components make up the rnm-time system:

1) User configurable portion of the RTS

a) User configurable data (UCD) and
b) User configurable code (UCC)

2) Permanent part of the RTS
a) Non-tasking RTS (ril ib) or

b)Tasking RTS (rl2-1ib)
c) RMS Tasking RTS (rl3Jib)

The User Configurable Code defined by the environmental varable adauclb is included inPthe
link. If no tasking has been specified, then the RTS non-tsking libray (ri l:lib) will be included.
If tasking has been specified, then suppot for tasking will be included (rl2orib or, when -ms

rl3.Ub).
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The output of the linker step is an absolute executable object file with the extension ".dat" and
a map file with the extension ".mpS".

6.2.2 Environmental Variables

When a link is executed, a number of riles are referred to and most are accessed through
environmental variables. The locatejbuild phase uses the control file Sadauccdir/config.bld.ddci.
the remaining variables are:

VARIABLE PURPOSE

ada-system library Identifies the root library where the system compilation units reside.

ada-library Identifies the default library used by all DACS-80x86 tools. It is the
lowest level sublibrary in the program library hierarchy.

ada-root_lib Identifies the OMF library where the system library units have been
extracted from the system library. By having a separate Library for the
root compilation units, the link process is much faster than otherwise
having to extract each unit from the system library for each link.

ada_rlljib Identifies the OMF library for the Permanent Part of the non-tasking
version of the Run-Time System.

ada.rl2jib Identifies the OMF library for the Permanent Pan of the tasking version
of the Run-Time System.

adai3_jib Identifies the OMF library for the Permanent Part of the optional Rate
Monotonic scheduling Run-Time System.

ada.tcc_lib Identifies the OMF library for the User Configurable Code portion of
the Run-Time System.

ada-template Identifies the template file for the Linker.

ada.ucc-dir Identifies the directory of the current UCC.

With each of these environmental variables, the name will differ depending on how the system
was installed (ada86, adal86 etc). Throughout this document ada is assumed. For example, the
environmental variables for the root library for the 80186 version of the compiler would be
ada186 root lib, and the RTS UCC library environmental variables for the 8086 version would
be adaf6_ucc..ib.
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63 Run-Time System Overview

The Run-Time System for DACS-80x86 is defined as all code and data, other than the code and
data produced by the code generator, required to make an embedded system application operate
properly on a specific hardware system.

In general, them ame two major components that make up the Run-TMme System.

1) Code and data assumed to exist by the code generator. This is hardware independent and
known as the RTS Permanent Part.

2) Code and data tailoring the application with respect to the characteristics of the hardware
and other requirements of the embedded systems developer. This code is called the RTS
User Configurable Part.

Both of the above components consist of modular OMF libraries. The modules are only included
in the user program if they are needed, i.e.. if a call or reference is made to the module. This
ensures a compact RTS (typical applications are 4 KB to 10 KB).

The RTS Permanent Part does not make any assumptions about the hardware other than an 80x86
and some amount of memory available.

There are several versions of the RTS User Configurable Part available for different development
targets. Also, the source code is provided to allow the modification of the User Configurable
Code (UCC) to operate on other targets. Refer to the RTS Configuration Guide for complete
information on modifying the UCC.

DDC-I has carefully analyzed and selected the parts of the Run-Time System that must be
configurable for hardwam independence, freeing the user from major rewrntes whenever the
Run-Tmune System is retargeted while, still allowing for almost unlimited adaptability.

Four important features of the run-time system are:

"* It is small

"* It is completely ROMable

"* It is configurable

"* It is efficient

Conceptually, an Ada run-time system can be viewed as consisting of the following components:

"• Executive, i.e.. the start-up mechanism

"* Storage Management

"* Tasking Management

• Exception Handling
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- Run-Time Library Routines

* Package CALENDAR support routines

The run-time system (RTS) can be configured by the user through Ada Linker command options.
The Ada Linker will generate appropriate data stucntes to represent the configured characteristics
(UCD).

Two versions of the RTS are supplied, one including tasking and one excluding tasking. The
linker selects the RTS version including tasking only if the option -tasks is present or -tasks n
is present and n > 0. Otherwise, the linker selects the RTS version excluding tasking.

6.4 Linker Elaboration Order

The elaboration order is primarily given by the unit dependencies. but this leaves some freedom
here and there to arbitrarily choose between two or more alternatives. This arbitrary is in the
DACS-80x86 linker controlled by the spelling of the involved library units, in order for "free"
units to become alphabetically sorted.

Recompiling from scratch, an entire system may thus affect the allocation of unit numbers, but the
elaboration order remains the same.

It is also attempted to elaborate "body after body", so that a body having a with to a specification,
will be attempted elaborated after the body of this specification.

Also elaboration of units from different library levels is attempted to complete elaboration of a
father-level prior to the son-leveL

This strategy should in many cases reduce the need for resetting pragma ELABORATE.

6. Ada Linker Options

This section describes in detail the Ada linker option and parameters.

6.5.1 The Parameter cumt-namew

uit-rmtme1 :

The <unit-name> must be a library unit in the curwit program library, but not necessarily of the
cummn sublibrary.

Note that a main program must be a procedure without parameters, and that cunit-name> is the
identifier of the procedure, not a file specification. The main procedure is not checked for
parameters, but the execution of a program with a main procedure with parameters is undefined.
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6.5.2 The Paramee crecom a -spec>

The syntax of recomuilatlon-sp=c is:

<unit_specN-bodyI-pemdfadon]J,-J

This parameter tells the linker t perform a onsistency check of the entire program using the
hypothetical recomplation of all units designated in he <recompilatio-spec>. The ink pocess
in this iunance is not acally perfrmed.

The curnL.pec> is a list of unit-names (wildcus arm allowed). separated by comma (.) or plus
(+). Each unit-name should include an option to indicate if the body or qsecification is to be
hypothetically cmpiled (-spae is the default).

6.33 Required Recompiaton

If the consistency check found that recompilations are required, a list of rquired recompilations
is written to the current output file or to a text file if the -4og option is specified (the name of
the text file is indicated in the log file. line 8). The list will include any inconsistencies detected
in the library and rec pilatin s required by the hypothetical recompilations specified with the
options -declaration and -body.

The entries in the list conain:

1) The unit name,

2) Indication of what type of unit (declaration unit, body unit, or subunit).

3) If the unit is specified as ecompiled with the -daration or -body option. it is marked
with "-R-".

4) The environmental variable of the sublibrary containing the unit.

In the recompilation list the units an listed in a recommended recopilation order, consisten with
the dependencies among the unit.

6.5A.4 -serchbl

-seareblib <ef name, {,6fle.namf>)

The -suarchlib opion directs the Ada Linker to search the specified 80x86 taret libraries for
object modules in order to resolve symbol references The 80x86 target libraries for object files
will be seached before the DACS Run-Time System (RMs) libary normally searches for na-4ime
routin;, in this way one can replace the standard DACS RTS routines with custom routines.

The -search lb option is also inteded to specify libraries of modules referenced from Ada via
pragma IOnERFACE
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S adsAlk -marchUb inefaeatlib p

Links the subprmor p. msolving referenced symbols firs with the target library interfaceib
and then with the standard RTS tart library.

6.5. -aop-behreJMk

-Aop_beftr_Hnk

The stop_befotrUnk option allows the user to inmduce assemblers and linkers from third
parties or to otherwise configure the link to suit the application. The link is halted with the
following condition:

"* The user configurable data file, main.>ucd.o, is produced with the default or user specified
linker option values included.

"• The ela n code is contained in the <mainr-elabcode.o file.

"* The shell 4.npt file that contains the link command is presen and has not been executed. The
file's name is <main>-..ink.com.

"* The temporary Ada object file(s) used by the target linker are produced. These objects are
linked and deleted when <main>_linLcom is executed

"* With -sectve lInk the object files comprise all Ada wits including those from the rmot
library. At this poin it is possible to disassemble the "cut" object files usin -obe with the
disassembler.

To complete the link, the <main>.Jink.com script must be executed. To use third party tools, this
file may have to be modified.

6..6 -options

-"Uou <parameter.

-optons; allow die user to pa options onto the target linker.
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-Ibrae7 SadaJibar (default)

The -Wibray option specifies die curmnt sublibray, from which the linking of the main unit will
take place. If tisi option is not specified, the sub.brary specified by the enviromnmetal varable
adL.Ubras7 is used.

This extracms all rmeuird objec modules from die Ada library (including die mot library) and cuts
out exactly those pars that am actually called, in order to make the tesulting target program
considerably smaller. If a program uses eg. PUTLINE as the only routine from TEXTIO, the
coaribution from the TEXT-IO object module will only contain PUT-LINE (and whatever that
needs). Note that disassemblies of units used in a selective link normally will not match what is
linked, because of the cuting. Such disassemblies may though be obtained by disassembling
directly those units that made up the selective link, by stopping the linking before the target link
phase (-stpbefore link), making disassemblies using -object and then resuming the link.

Note also that unused constants and permanent variables are not removedL

Only "level 1" subprograms may be removed. Nested subprograms (that are not called) are to be
removed during compilation using the -optimme option. Nested subprograms arm only removed.
if the routine in which the nesting occurs is removed.

6M. -[18olog

DOI" (default)

The option specifies if a log file will be produced from the frnt end linker. As default, no log
file is produced. If <f1le-speo is not entered with -log the default file name for the log file will
be linklog in the curent dimctory.

The log file contains extensive information on the meuls of the link. The file includes:

- An elaboration ouler list with an entry for each mit included, showing the order in whidh the
unis will be elabortd For each unit. die unt type, the time stamp, and the depenncies ae
shown. Furthermore, my elaboration will be reported.

- A linking summary with the following nformaon

* Paranemersnd active optIor•

- The faO name of the program library (die current subli1bay and its ancestor sublibraries).
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"* The nmmber of each type of diagnostic msage.

"* A termination message, stating if tde linking was teminuted successfully or unsuccessfully or
if a consequence examination was terminaed.

- Diagnostic messages and warnings ate written on the log file.

If recompilatons are rquired (as a result of the consistency check) a text file is produced
comaining excerpts of the log file. The nume of this text file is written in the log fMe, line 8.

The log file consists of:

"• Header consisting of the linker name, the linker version number, and the link time.

"* The elaboration order of the compilation units. The units ae displayed in the order elaborated
with the unit number, compilation time, unit type, dependencies, and any linking errors.

"• If recompilations are required, the units that must be recompiled are listed along with its unit
type and sublibrary level.

"* The linking summary that includes the main unit name, the program library. any recompilations
that are required. and if any errors or warnings occurred.

6.5.10 .[nojroot-extract

-rootLextract
.noroot.extract (default)

The units contained in the Ada system library supplied by DDC-I have been extracted and inserted
into the Sadarootlib OMF Ubrary, thus eliminating extractions from the system library at link
time and improving link perfbrmance.

The user should normally not modify or compile into the Ada system library supplied by DDC-L
If however, a unit is compiled into the Ada system library, the Sada-root-lib will no longer
match the Ada system library and -root extract must be specified in order to link from die Ada
system library.

6.5.11 -[noldebug

-debug
-odebug (default)

The debug option specifies that debug information is generated. The debug information is
required to enable symbolic debugging. If -nodebug is specfLed, the Ada linker will skip dhe
generation of debug information, thus saving link time, aid will not insert the debug information
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into the chosen sublibrary, thus saving disk space. Note that any unit which should be
symbolically debuged with the DDC-I Ada Symbolic Cross Debugger must also be compiled with
the -debug option.

6.5.12 -[noirts

.rts (default)
-norts

The -rts option directs the Ada Linker to include the appropriate Run-Time System (RTS) in the
link. -norts directs the Ada Linker to exclude the RTS in the link.

The ability to exclude the Run-Tune System from the link allows the user to do an additional link
with a private copy of a custom RTS. The Ada Linker may report unmslved references to RTS
routines, but will still produce a relocatable object file.

6.S.13 -rms

This option selects the Rate Monotonic Scheduling Tasking Kernel (if tasking is selected). The
default is to use the Standard Tasking Kernel. This feature is supplied as an option.

6.S.14 -[nouextract

-extract (default)
-noextract

This option to the linker allows the user to specify that program unit objects should not be
extracted from the Ada program library. This option would be used if the user knows that many
objects have not changed since the last link and does not want the linker to waste time extracting
them.

To use this feature, the user should modify the template to not delete unit object files after a
target link is performed. This way the object files remain in the current directory (or whereever
the user decides to put them). On subsequent links the user can extract object modules of
modified units from the Ada library using the standalone DACS extract tooL A new target link
can then be performed using a combination of newly extracted objects and the object files from
previous links that have gone unchanged. This could significantly improve linker speed when
linking programs that share common and rawly modified libraries and when relinking programs
that have had only a few units modified.
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6 .i5 -mplate

-template Cflle-name
-tenpiate Sadajempiaze (default)

The template file is known to the linker via the environmental variable ada template. DDC-I
supplies a default template file as pan of the standard mlease system. Pease refer to appendix H
for detailed infonnation.

6.5.16 -npx

.npx (default)
-. onpx

The .npx option specifies that the 80x87 (8087, 80287, or 80387) numeric coprocessor is used
by the Ada program. When -ups is specified, the 8Ox87 is initialized by the task initialization
routine, the floating point stack is reset during exception conditions, and the 80x87 context is
saved during a task switch.

Configurable Data

A 16 bit boolean constant is generated by the Ada Linker.

_CD_NPX_USED

a 0 -8Ox87isnotused
= I -S0x87isused

6.5.17 -asks

-tasks In)
(default is no tasking)

This option specifies the maximum number of tasks allowed by the RTS. If specified, n must be
greater than zero. If -tasks is specified without a value for n. n defaults to 10. If -tasks is not
specified, the RTS used will not include support for tasking. If -tasks is specified, the RTS used
will include support for tasking.

Ada Intenupt tasks identified with prapna INTERRUPTHANDLER need not be included in the
count of maximum number of tasks. The main piogram must be counted in the maximum number
of tasks. Note that the main pnogram, which may implicitly be considered a task, will not run
under control of the tasking kernel when -notasks is specified. See also -rms option.

Configurable Data

For -tasks, the linker generates the foilowing configurable data-
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Sloclia
(ITCS)

If -W is

aact:ive, 
11

"aisi 0-

Example:

S ada.Jink -tasks 3 p

• Link the pmgram P. which has at most 3 tasks, including die main program.

6.5.18 -priority

-priority n
-priority 15 (default)

The -priority option specifies the default priority for task execution. The main program will run
at this priority, as well as tasks which have had no priority level defined via pragma PRIORrIY.
The range of priorities is from 0 w 31.

Priorities can be set on a per task basis dynamically at run tine. See section E.I (Package
RTSEntryPoinus) for more details.

Configurble Data

The Ada Linker generates the following constant data:

_;RPRS C t =

Example:

S adaink -tasks -priority 8 p

Link the subprogram P which has the main xogrun and tasks nrming at
default piority S.
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-time slice [r) (default no time slicing is active)

The -ti.. slie options specifies whether or not time slicing will be used for tasks. If specified.
R is a decimal number of seconds representing the default time slice to be used. If R is not
specified. the default time slice will be 1/32 of a second. R must be in the range Duration'Small

:R 920 and must be greater than or equal to the 41mer linker option value. rime slicing only
applies to tasks running at equal priority. Because the RTS is a preemptive puiority scheduler. the
highest priouity task will always run before any lower priority task. Only when two or more tasks
are running at the same priority is time slicing applied to each tasIL

Time slicing can be specified on a per task basis dynamically at run-time. See Section EA
(Package RTS..EntryPoints) for more details.

TMme slicing is not applicable unless tasking is being used. This means that the -tasks option
must be used for -time slice to be effec'ýve.

Configurble Data

The Ada Linker generates the following dmt:

C _TM 1SL1CE; 03M OLCA

- 0 - No time slicing
I Time slicing

CD TU SICEsolute iatwre

*representing the number Y that satisfies Y *DURATION'SMALL =R

Example:

S ada-link -time slice 0.125 -ta=k p

*Specifies tasks of equal priority to be time sliced each eighth of a second.

63S.20 -timer

-time R
-timer 0.001 (default)

The -timer option specifies the resolution of calls to the Run-Tume System routine TIMER (see
the Rur'-Tme System Configuration Guide for DACS-80x86 for more information). T1he number
R. specifies a decimal number of seconds which have elapsed for every call to TRAME. 7be
default TVMER resolution is one millisecond. R must be in the range DURATION'SMALL-c R
-c2.
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Configuable Data

The Ada Linker generates the following 16 bit constan

D=_zTII. I .. sma•. 7nt.r

representing the number Y that satisfies Y * DURATION'SMALL=R

6.5.21 -reserve-stack

-resu-ve stack [n]

The .reservestack option designates how many words are reserved on each task stack. This
space is reserved for use by the RTS, which does no checking for stack overflow. This reserved
space also allows the RTS to function in situations such as handling a storage error exception
arising from stack overflow.

The -reserve stack option also reserves parn of the main program stack size, specified by the
linker option -mp_stacksize.

Configurable Data

The Ada Linker generates the following integer constant

Examples:

$ adaJink -reserve stack 200 -tasks p

a Reserve 200 words from each stack for use by the RTS.

6.5.22 -It..stack.size

-it stack size n
-It..stack..size sO0(default)

The -It stack size option designat he library task default size in words. A library task is
formed when a task object is declared at the outermost level of a package. Library tasks am
created and activated during dhe initial main program elaboration. (See the Ada Reference Manual
for more details).
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For each library task. the representation spec:

FOR Task-object'STORAGESIZE USE N;

can be used to specify the library task stack size. However, if the representation spec is not used.
the default library task size specified by 4t stack size will be used.

For efficiency reasons, all tasks created within library tasks will have stacks allocated within the
same segment as the library task stack. Normally. the segment which contains the library task
stack is allocated just large enough to hold the default library task stack. Therefore, one must use
the option -Iftstack..option or the pragma LTSEGMENTSIZE to reserve morm space within the
segment that may be used for nested tasks' stacks. (See the implementation dependent pragma
LTSEGENT .SIZE in Section F.l for more information).

The range of this parameter is limited by physical memory size, task stack size allocated during
the build phase of the link. and the maximum segment size (64K for all except the 386/486
protected mode. which is 4 GB).

Configurable Data

The Ada Linker generates the following integer constant:

Example:

S ada.link -It stack size 2048 -tasks p

• Link the subprogram P using a 2K words default library stack size.

6.5.23 -Itstack.size

-it segment size n
-It segment size (It-stack.size + 20 + exceptiOrL .cLspc) (default)

This parameter defines in words the size of a library task segment. The library task segment
contains the task stack and the stacks of all its nested tasks.

The default value is only large enough to hold one default task stack. If 4t stack size is used and
specifies a value other than the default value, 4-tsegment size should also be specified to be the
size of <task.stack_size, +

<total_ofnested_taskssizes> +
<20_wordsoverhead> +
exception.stack-space.

Note that the task stack size specified by the 'STORAGE-size can be represention spec or by
the option -It.stack.size.

Dynamically allocated tasks receive their own segment equal in size to the mp-segment_size.
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The range of this parameter is limited by physical memory size, task stack size allocated dring
the build phase, and the maximum segment size (64K for all except the 386/486 protected mode,
which is 4 GB).

Configurable Data

The Ada Linker generates the following data structure:

_PD_ýT_SMMCW2ý_SXZZ (

Example:

$ adLJink -tsegmentsIze 2048 -tasks p

0 Link the program P using a library task segment size of 2K words.

63.24 -mpastacL..ze

-rap stack size n
-mpSt.acksize 8000 (default)

The -.np_sMck size option specifies the main pogram stack size in words.

The range of this parameter is limited by physical memory size, task stack size allocated during
the build phase (in tasking programs only), the maximum segment size (64K for all except the
386/486 protected mode. which is 4 GB), and the size of mpsegmem..size.

Configurable Data

The Ada Linker generates the following data structures for nomasking programs:

cP-HP.ST= %ZM.*IZZ

Istrc I . •l

-Pa"5?ACXSTAR Iog T =

For tasking programs. the Ada Linker generates the same stuctures but limits the size to 1024
words. This stack is only used for the execution of the system stmnup code and elaboration.
At main program activation, a segment for the main program equal to the size specified by -
-rnp_segment _ze wiU be allocated from the dynamic memory pool and a stack for the main
program equal to the size specified by -mp_stack_size will be allocated from the memory
pool.
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Example:

S ada.Jink -mp_stack_size 1000 p

Link the subprogram P with a stack of 1000 words.

6.S.25 -mp.selgmn..size

-mp-segnmesize n
.mp_.segmnntsize 8100 (Default)

The -mp_sgment size option specifies the size, in words, of the segment in which the main
program slack is allocated. The default seting can be calculated from the formulaW

mp-segment-size a mp-.stck.size +
overhead + (tasks - 1) *
(overhead + task-storage-size)

Normally, the main program segment size can be set to the size of the main program stack.
However, when the main program contains nested tasks, the stacks for the nested tasks will be
allocated from the data segment which contains the main program stack. Therefore, when the
main program contains nested tasks, the main program stack segment must be extended via the
-rp_segmentsize option.

The range of this parameter is limited by physical memory size, task stack size allocated during
the build phase (in tasking programs only), and the maximum segment size (64K for all except
the 386/486 protected mode, which is 4 GB).

Note: Dynamically allocated tasks receive their own segment equal in size to mpsegmensie.

Configurable Data

The Ada Linker allocates the _CDMPSTACK (see the -.rpjstack size option) within a data
segment called _CDMPSTACK_SEGMENT:

_;_?ýSTACKXC=NUT IM STA= I

T T t
NP ST=A-_STAR? *STAC-SzZ W_3SIzTSSzzK

Example:

S ada.Ank -tasks -mp_segmet-size 32000 progra a

Links the subprogram PROGRAMA, which contains tasks nested in the main program
allocating 32,000 words for the main program stack segment
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63S.26 .task-storape-size

-task-storagese= n
.task- oragesize 1024 (default)

This option sets the default stomp size in words for stacks of tasks that are not library tasks.
This value can be overridden with a represemtaton clause.

The range is limited by the size of the Itsegmen~size (if it is a subtask to a library task), or by
mp-segment-size (if it is a subtask to the main prgrar).

Configurable Data

The Ada Linker generates the following dam structure:

--TAS1 s2Of 1 I xh

6.52.7 -interrupt-entry table

-interrupt entry table LH

The -interrupt entry table option specifies the range of interrupt vector numbers used by the
Ada program in interrupt tasks.

The number. L. specifies the lowest numbered interrupt handler. The number, H, specifies the
highest numbered interrupt handler. The range for low and high interrupts is 0 to 255.

Configurable Data
If -interruptentrytable is specified, the Ada Linker will generate the following data s :uc

cDLOWunTrZRRK? (LITT

-=fINTZUFUT V3CTOR -+)*- - I •~l• eserved
I for ZntocruptVrct~or

If the user ever detects unresolved references to the symbols:

_CDLOWMNTERRUPT
_CD.HIGHNTERRUPT
_CD_INTERUFT-VECTOR
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the Ada progalm contains standard interrupt tasks for which the RTS requires the above data

smucture. You musZ relink the Ada progr=a specifying the -i*errupt entry_table option.

Example:

$ ada-link -tasks -interruptuentryjtable 5,20 p

Links the subprogram P. which has standard Ada interrupt entries numbered 5
through 20.

6.5.28 -.no~enable.takrace

-enable task trace
-noenab-etask trace (default)

This option instructs the exception handler id produce a stack trace when a task terminates because
of an unhandled exception.

Configurable Data

_PTUACZZUA3LzDBOLA

- 0 - task trace dUsabled
- I - task trace enabled

6.5.29 -exception-space

-exception-space n
-exception..space OaOh (default)

Each stack will have set its top area aside for exception space. When an exception occurs, the
exception handler may switch stack to this area to avoid accidental overwrite below the stack
bottom (which may lead to protection exceptions) if the size of the remaining part of the stack
is smaller than the N value. Specifying a value =0 will never cause stack switching. Otherwise an
N value below the default value is not recommended.

Configurable Data

SZ TZ scS1ACZ S:zU nn

Note that this value is added to all requests for task stack space, this requiring an increase in the
requirements of the appropriate segmem's size
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6J.30 .dpo"
-ipnon [ sbnapiJ

When dhs option is specified he linker will genere codet m output a sipgn on message. before
the Ada elaboration is initated and a sip off message when the tet progran has terminated
successfully. If the progr teumnates with an uncaught exception, the sign off message is not

The sip on message consists of:

START [<minpJ <o am e>

and the sip off message

STOP (<sunp] <pmgam nuname•

TMa <sung> may contain spas, e.g.

.sgm..o "Test 3" (remember the quotes).

This facility ia very useful to separate ouu fom several target programs run after each other.
and to verfy that a pgrmntha produces nlitle or no output has actually been loaded and run
s4y.
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APPENDIX C

APPENDIX F OF THE Ada STANDARD

The only allowed implementation dependencies correspond to
implementation-dependent pragmas, to certain machine-dependent
conventions as mentioned in Chapter 13 of the Ada Standard, and to
certain allowed restrictions on representation clauses. The
implementation-dependent characteristics of this Ada implementation,
as described in this Appendix, are provided by the customer. Unless
specifically noted otherwise, references in this Appendix are to
compiler documentation and not to this report.
Implementation-specific portions of the package STANDARD, which are
not a part of Appendix F, are:

package STANDARD is

type SHORTINTEGER is range -128 .. 127;

type INTEGER is range -32_768 .. 32_767;

type LONGINTEGER is range -2147_483_648 .. 2_147_483_647;

type FLOAT is digits 6
range -16#0.FFFFFF#E32 .. 16#0.FFFFFF#E32;

type LONG FLOAT is digits 15
range -16#0.FFFF_FFFF_FFFF_F8#E256 .. 160.FFFF_FFFF_FFFFF8#E256;

type DURATION is delta 2#1.0#E-14 range -131_072.0 .. 131_071.0;

end STANDARD;
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APPENDIX F - IMPLEMENTATION-DEPENDENT CHARACTERISTICS

This appendix describes the implementation-dependent chancteristics of DACS-80X86TM as required
in Appendix F of the Ada Reference Manual (ANSI/M1L-STD-1815A).

F.1 Implemientation.Dependent Pragmas

This section describes all implementation defined pragmas.

F.I.1 Pragnm INTERFACE.-SPELLING

This pragma allows an Ada program to call a non-Ada program whose name contains characters
that are invalid in Ada subprogram identifiers. This pragma must be used in conjunction with
pragma INTERFACE, i.e., pragma INTERFACE must be specified for the Ada subprogram name
prior to using pragma INrTERFACESPELLING.

The pragma has the format

pragma INTERFACESPELLING (subprogram name, string literal);

where the subprogram name is that of one previously given in pragma INTERFACE and the string
literal is the exact spelling of the interfaced subprogram in its native language. This pragma is
only required when the subprogram name contains invalid characters for Ada identifiers.

Example:

function RTSGetDataSegment return Integer;

pragma INTERFACE (ASM86, RTS GetDataSegment);
pragma INTERFACE SPELLING (RTS GetDataSeqgmnt, "R1SMGS?GetDataSegment"):

The suing literal may be appended 'NEAR (or 'FAR) to specify a particular method of call. 7be
default is 'FAR. This suffix should only be used, when the called routines require a near call
(writing 'FAR is however harmless). If 'NEAR is added, the routine must be in the same segment
as the caller.

F.1.2 Pragm LTSEGMENTSIZE

This pragma sets the size of a library task stack segment.
The pragma has the format:

pugma LTSEGMENTSIZE (T. N);

where T denotes either a task object or task type and N designates the size of the library task
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stack segment in words.

The library task's stack segment defaults to the size of the library task stack. The size of the
library task stack is normally specified via the representation clause (note that T must be a task
type)

for T'STORAGESIZE use N;

The size of the library task stack segment detennines how many tasks can be created which awe
nested within the library task. All tasks created within a library task will have their stacks
allocated from the same segment as the library task stack. Thus. pragma LTSEGMENTSIUZ
must be specified to reserve space within the library task stack segment so that nested tasks'
stacks may be allocated (see section 7.1).

The following estnictions ame places on the use of LTSEGMENTSIZE:

1) It must be used only for library tasks.

2) It must be placed immediately after the task object or type name declaration.

3) The library task stack segment size (N) must be greater than or equal to the library task
stack size.

F.I.3 Pragum EXTERNAL.-NAME

F.I.3.1 Function

The pragma EXTERNAL-NAME is designed to make permanent Ada objects and subptograms
externally available using names supplied by the user.

F.1.3.2 Format

The format of the pragma is:

pragma EXrERNALNAE(<ada_entity>,<exemal name>)

where <adasentity> should be the name of:

"• a permanent object, i.e. an object placed in the permanent pool of the compilation unit - such
objects onginate from package specifications and bodies only,

"• a constant object, i.e. an object placed in the constant pool of the compilation unit - please
note that scala constants ae embedded in the code, and composite constants are not always
placed in the constant pool. because the consuta is not considered comutm by the compiler.
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a subprogram name. i.e. a name of a subprogram defined in this compilation unit - please
notice that separate subprogram specifications cannot be used, the code for the subprogram
must be present in the compilation unit code, and where the <external name> is a suing
specifying the external name associated the <adaa_entity>. The <external names> should be
unique. Speifying identical spellings for different <ada_.emities> will generate errors at compile
and/or link time, and the responsibility for this is left to the user. Also the user should avoid
spellings similar to the spellings generated by the compiler, e.g. E.xxxxx.yyyyy, Pxxxxx,
C.xxxxx and other internal identifications. The target debug type information associated with
such external names is the null type.

F.L3.3 Restrictions

Objects that are local variables to subprograms or blocks cannot have external names associated.
The entity being made external ("public") must be defined in the compilation unit itself. Attempts
to name entities from other compilation units will be rejected with a warning.

When an entity is an object the value associated with the symbol will be the relocatable address
of the first byte assigned to the object.

F.1.3.4 Example

Consider the following package body fragment:

package body example is

subtype stringlO is string(l..10);

type 3 is
record

len : integer;
val : stringlO;

end record;

global s :;
consi_s : constant s3tringlO :- "1234567890";

pragma EXTERNALNAME(globals, "GLOBALSOBJECT");
pragma EXTERNAL NAME(cons•ts, "CONSTS");

procedure handle [... ) is

end handle;

pragma EXTERNAL NAME (handle, "HANDLE PROC");

end example;

The objects GLOBALS and CONSTS will have associated the names "GLOBAL.,_S_OBJECT"
and "CONSTS". The procedure HANDLE is now also known as "HANDLE_PROC". It is
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allowable to assign more than one external name to an Ada entity.

F.L3.5 Object Layouts

Scalar objects are laid out as described in Chapter 9. For arrays the object is described by the
address of the first element: the array constraint(s) are NOT passed. and therefore it is
recommended only to use arrays with known constraints. Non- discriminated records take a
consecutive number of bytes, whereas discriminated records may contain pointers to the heap. Such
complex objects should be made externally visible, only if the user has thorough knowledge about
the layout.

F.1.3.6 Parameter Passing

The following section describes briefly the fundamentals regarding parameter passing in connection
with Ada subprograms. For more detail, refer to Chapter 9.

Scalar objects are always passed by value. For OUT or IN OUT scalars, code is generated to
move the modified scalar to its destination. In this case the stack space for parameters is not
removed by the procedure itself, but by the caller.

Composite objects are passed by reference. Records are passed via the address of the first byte
of the record. Constrained arrays are passed via the address of the first byte (plus a bitoffset when
a packed array). Unconstrained arrays are passed as constrained arrays plus a pointer to the
constraints for each index in the array. These constraints consist of lower and upper bounds, plus
the size in words or bits of each element depending if the value is positive or negative
respectively. The user should study an appropriate disassembler listing to thoroughly understand
the compiler calling conventions.

A function (which can only have IN parameters) returns its result in register(s). Scalar results are
registers/float registers only: composite results leave an address in some registers and the rest, if
any, are placed on the stack top. The stack still contains the parameters in this case (since the
function result is likely to be on the stack), so the caller must restore the stack pointer to a
suitable value, when the function call is dealt with. Again, disassemblies may guide the user to
see how a particular function call is to be handled.

F.I.4 Pragma INTERRUPT-HANDLER

This pragma will cause the compiler to generate fast interrupt handler entries instead of the normal
task calls for the entries in the task in which it is specified. It has the format:

pragma INTERRUPT-HANDLER;

The pragma must appear as the first thing in the specification of the task object. The task must
be specified in a package and not a procedure. See Section F.6.2.3 for more details and restrictions
on specifying address clauses for task entries.
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F. .5 Prapm MONITOR-TASK

F.l-J.1 Function

The pragma MONITORTASK is used to specify that a task with a certain structure can be
handled in a special way by the Run-Time System, enabling a very efficient context switch
operation.

F.I.5.2 Format

The format of the pragma is

pragma MONITORTASK;

The pragma must be given in a task specification before any entry declarations.

F.L.5.3 Restrictions

The following restrictions apply on tasks containing a pragma MONITOR-TASK:

"* Only single anonymous tasks can be "monitor tasks".

"* Entries in "monitor tasks" must be single entries (i.e. not family entries).

"• The task and entry attributes am not allowed for "monitor tasks" and "monitor task" entries.

"* The <declarative part> shou7ld only contain declaration of objects: no types or nested sturctures
must be used.

" The structure of the task body must be one of the following:
I.
task body HONTASK is

<declarative part>
begin

stnatement 1i2t>
loop

select
accept EITRY l<parameterlist> (do
end);

or
accept EPY-Y2<paramete:- list> (do

<statement list>
end];

or
terminate

end select;
end loop;

end;

where each entry declared in the specification must be accepted unconditionany exactly once.
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2.
task body MOMHTASK Is

<declarative part>
begin

<statement list>
loop

accept MOWETAY~parametsr-l st> tdo
<st&tement 12st>

endli
end loop;

end;

wher the task only has one entry.

In both cases the declarative pans, the statement lists and the parameter lists may be empty.
The statement list can be arbitrarily complex. but no nested select or acccpt statements are
allowed.

No exception handler in the monitor task body can be given.

The user must guarantee that no exceptions are propagated out of the accepts.

F.-.S.4 Example

The following tasks can be defined

task LIST HANDLER Is
praq;& MONITOR TASK;
entry INSERT (FZEDM:ELEM TYPE);
entry RzflVK(ZLDE:out ELD TTPE);
entry 1SJPRZSZlT(ZLDt:ELfl•ETYPE;

RESVLT:out DOL.•A));
end LIST HANDLER;

task body LIST HAIDLER is
"define ist"

begin
"initiaiize lAs°t
select

accept INSERT ( ELE : ELET TYPE) do"insect in list*
end INSERT;

or
accept WEmmOVE(ELlI:out zLI TYPzE)do

"*find in list and remove irom list-
end REMOVE

or
accept S3PR•SZET (ELD: LDI ZTYPZ

RES: out SWOOLEZA)do
,scan list*

end IS PRISZNT;
or

terisinats,
end select

end MON TASK;

The task can be used

task type LISTUSER is

end LIST-USER;

task body LIST-USER is
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begin
select

LIST _ANDLZR. INSERT (FIRSTELEN);
Gls*

raise INSERT- ,.,R;
end select;
loop

LIST RAMOLER. INSERT (NEXT ELEM);
end Ioop;

end LIST OSER;

F.I.6 Pragma TASKSTORAGESIZE (T, N)

This prugma may be used as an alternative to the attribute 'TASKSTORAGESIZE to designate
the storage size (N) of a parucular task object (TM (see section 7.1).

F.2 Implementation-Dependent Attributes

No implementation-dependent attributes are defined.

F.3 Package SYSTEM

The specifications of package SYSTEM for all DACS-80x86 in Real Address Mode and
DACS-80286PM systems am identical except that type Name and constant System-Name vary:

Compiler System System Nale

DACS-8086 iAPX86
DACS-80186 iAPX186
DACS-80286 Real Mode iAPX286
DACS-80286 Protected Mode iAPX286_PM

Below is package system for DACS-8086.

packaqe System is

type Word is now Integer;
type DWord is new Lonq integer;

type OnsignedWord is ranqg 0..65535;
for OnsignedWord' SIZE use 16;

type byte is raneg 0..255;
for byte' SIZE use 8;

subtype Sgmentid is onsignedmord;

type Address is
record

offset Unsiqned~ord;
seqtent Segmentld;

end record;

subtype Priority is Inteqer range 0..31;
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type Wame is (APXIS});

SYS£1534 US constant Name : iAPXBG;
STOQFAZ WIT constant : 16;
QIOStY SIZE constant - 1 048_574;
Hu rii constant --2 147 403 647-1;
idX IT : constant :- 2 147 483 447;

HAX.DIGITS constant : 15;
MAX MITiSSA : constant : 31;
FIME DELTA constant 2i1.0E-31;
TICE constant : 0.000000125;

type Interface.language is
(AEM84, PLIOG. C84. C84RVZRS•E.
ASM ACV, PU4 AMY C AM C PEVZRBE-ACT,
As.NAxc€ , PL.MnOcr, CwOAc,. C-lVERsz OACF- ;

type Exceptionld is record
unit number Onsiqgnedsord;
unique number Onsigneduord;

end record;

type TaskValue is now Integer;
type AccTaskValue is access TaskValue;
type SemaphoreValue is now Integer;

type Semaphore is record
counter Integer;
first :TakValue;
last TaskValue;
SQNext SemaphoreValue;

-- only used in 80S.
end record;

InitSemaphore : constant Semaphore :- Semaphore'(l,0,0,0);

end System;

The package SYSTEM specification for DACS-0386PM package system is:

package System ,s

type Word is now Short Integer;
type Dword is new Int*eer;
type OWord is new LongInteger;

type OnsignedWord is range 0..65535;
for OnsignedWord' SIZE use 16;
type OnsignedOWord is range 0..14S*FFfFMF#;
for OnsignedDword' SIZE use 32;
type Byte is range 0..255;
for Byte'SIZE use 8;

subtype SegmentId is OnsignedWord;

type Address is
record

offset OnsignedOWord;
segment Seqmentld;

end record;

for Address use
record

offset at 0 range 0..31;
sequent at 2 range 0..15;

end record;

subtype Priority is Integer range 0..31;
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ty.pe Us Is (±11X386_PH);

SYSTI•f NiE constant Name :, ±1X386 P•;
SORAUahZT constant :- 16;
IWNM. SZE constant :- 16.1 0000 00008;
"NIs Ia constant :--1648000 0000 0000 0000#;
MAX ZN? constant 6#rffh.- r T-?FFT.-.FTT1 ;
MAX.DZTS : constant - 15;
MAX MiWTZSSA Constant 31;

rum DzLTA constant :- 2#1.0#Z-31;
TZICi constant :-0.0000000625;

type Interface lanquaqe is

(18.. , PLtM86, C86, C86 ]ZVERS,
&LLAc,. PLMAcr, C.Acr, C REV•E.•SACr,
A_,NOACr., PL.•NOACFr, C#OACF, C...VrSE-NOAC-r);

type ZxceptonZd La record
unit number OnslgnedDMord;
uniqu•e_number UnsiqnedD*ord;

end record;

type TaskValue s new Inteqer:;
type AccTaskValue Is access TaskV&lue;
type SemaphoreValue is new integer;

type Semaphore is record
counter Integer;
first, last TaskValue;
SQNe* SemaphoreValue;

-- only used In 803.
end record;

ZnitSemaphore : constant Semaphore :- Semaphore' (1,0,0,0);

end System;

F.4 Representation Clauses

The DACS-80x86Th fully supports the 'SIZE representation for derived types. The representation
clauses that am accepted for non-derived types am described in the following subsections.

F.4.I Length Clause

Some remarks on implementation dependent behavior of length clauses ame necessary:

"* When using the SIZE attribute for discrete types, the maximum value that can be specified is
16 bits. For DACS-80386PM/80486PM the maximum is 32 bits.

"* SIZE is only oheyed for discrete types when the type is a part of a composite object. e.g.
arrays or records, for example:

type byte is range 0..255;
for byte' size use 8;

sixteen bits_allocated : byte; -- one word allocated
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eight bit_per element : array (0. .7) of byte; -- four words allocatedtype rec is
record

cl,c2 : byte; -- eight bits per component
end record;

"* Using the STORAGE-SIZE attribute for a collection will set an upper limit on the total size
of objects allocated in this collection. If further allocation is attempted, the exception
STORAGEERROR is raised.

"• When STORAGESIZE is specified in a length clause for a task type, the process stack area
will be of the specified size. The process stack area will be allocated inside the "standard" stack
segment. Note that STORAGESIZE may not be specified for a task object.

F.4.2 Enumeration Representation Clauses

Enumeration representation clauses may specify representations in the range of -32767..+32766 (or
- 16#7FFF.. 16#7FFE).

F.4.3 Record Representation Clauses

When representation clauses are applied to records the following resuictions are imposed:

* if the component is a record or an unpacked array, it must start on a storage unit boundary
(16 bits)

• a record occupies an integral number of storage units (words) (even though a record may have
fields that only define an odd number of bytes)

a record may take up a maximum of 32K bits
0

• a component must be specified with its proper size (in bits), regardless of whether the
component is an array or not (Please note that record and unpacked array components take up
a number of bits divisible by 16 (--word size))

* if a non-array component has a size which equals or exceeds one storage unit (16 bits) the
component must start on a storage unit boundary, i.e. the component must be specified as:

component at N range 0..16 * M -1;

where N specifies the relative storage unit number (0,1,...) from the beginning of the record, and
M the required number of storage units (12,...)

- the elements in an array component should always be wholly contained in one storage unit

. if a component has a size which is less than one storage unit, it must be wholly contained
within a single storage unit:
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component at N range X .. Y.

where N is as in previous paragraph, and 0 <= X <= Y <= 15. Note that for this restriction
a component is not required to start in an integral number of storage units from the beginning
of the record.

If the record type contains components which are not covered by a component clause, they are
allocated consecutively after the component with the value. Allocation of a record component
without a component clause is always aligned on a storage unit boundary. Holes created because
of component clauses are not otherwise utilized by the compiler.

Pragma pack on a record type will attempt to pack the components not already covered by a
representation clause (perhaps none). This packing will begin with the small scalar components and
larger components will follow in the order specified in the record. The packing begins at the first
storage unit after the components with representation clauses.

F.4.3.1 Alignment Clauses

Alignment clauses for records are implemented with the following characteristics:

"• If the declaration of the record type is done at the outermost level in a library package, any
alignment is accepted.

"* ir the record declaration is done at a given static level higher than the outermost library level.
i.e., the permanent area), only word alignments are accepted.

"• Any record object declared at the outermost level in a library package will be aligned according
to the alignment clause specified for the type. Record objects declared elsewhere can only be
aligned on a word boundary. If the record type is associated with a different alignment, an
error message will be issued.

"• If a record type with an associated alignment clause is used in a composite type. the alignment
is required to be one word; an error message is issued if this is not the case.

F.- Implementation-Dependent Names for Implementation Dependent Components

None defined by the compiler.

F.6 Address Clauses

This section describes the implementation ot address clauses and what types of entities may have
their address specified by the user.
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F.6.1 Objects

Address clauses are supported for scalar and composite objects whose size can be determined at
compile time. The address clause may denote a dynamic value.

F.6.2 Task Entries

The implementation supports two methods to equate a task entry to a hardware interrupt through
an address clause:

1) Direct transfer of control to a task accept statement when an interrupt occurs. This form
requires the use of pragma INTERRUPT-HANDLER.

2) Mapping of an interrupt onto a normal conditional entry call. This form allows the interrupt
entry to be called from other tasks (without special actions), as well as being called when
an interrupt occurs.

F.6.2.1 Fast Interrupt Tasks

Directly transferring control to an accept statement when an interrupt occurs requires the
implementation dependent pragna INTERRUPT_HANDLER to tell the compiler that the task is
an interrupt handler.

F.6.2.2 Features

Fast interrupt tasks provide the following features:

"* Provide the fastest possible response time to an interrupt.

"* Allow entry calls to other tasks during interrupt servicing.

"* Allow procedure and function calls during interrupt servicing.

"* Does not require its own stack to be allocated.

"* Can be coded in packages with other declarations so that desired visiblity to appropriate pans
of the program can be achieved.

"* May have multiple accept statements in a single fast interrupt task, each mapped to a different
interrupt. If more than one interrupt is to be serviced by a single fast interrupt task, the accept
statements should simply be coded consecutively. See example 2 how this is done. Note that
no code outside the accept statements will ever be executed.
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F.6.13 Lintations

By using the fast interrupt feature, the user is agreeing to place certain restrictions on the task in
order to speed up the software response to the interrut Consequently, use of this method to
capture interrupts is much faster than the normal method.

The following limitations are placed on a fast interrupt task:

"* It must be a'task object. not a task type.

"* The pragma must appear first in the specificaton of the task object.

"* All entries of the task object must be single erites (no families) with no parameters.

"* The entries must not be called from any task.

"• The body of the task must not contain any statements outside the accept statement(s). A loop
statement may be used to enclose the accept(s), but this is meaningless because no code outside
the accept statements will be executed.

"* The task may make one entry call to another task for every handled interrupt, but the call must
be single and parameterless and must be made to a normal tasks, not another fast interrupt
task.

"• The task may only reference global variables; no data local to the task may be defined.

"* The task must be declared in a library package, i.e., at the outermost level of some package.

"* Explicit saving of NPX state must be performed by the user within the accept statement if such
state saving is required.

F.6.2.4 Making Entry Calls to Other Tasks

Fast interrupt tasks can make entry calls to other normal tasks as long as the enties are single (no
indexes) and parameteriess.

If such an entry call is made and there is a possibility of the fl4 task not being ready to
accept the call, the entry call can be queued to the normal task's mcue. This can be forced
by using the normal Ada conditional entry call construct shown c,

accept E do
select

T.E;
else

null;
end select;

end E&

Normally, this code sequence means make the call and if the task is not waiting to accept it
immediately, cancel the call and continue. In the context of a fast interrupt task, however, the
semantics of this construct are modified slightly to force the queuing of the entry call.
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If an unconditional entry call is made and the called task is not waiting at the corresponding
accept suatement, then the interrupt task will wait at the entry calL Alternatively. if a timed entry
call is made and the called task does not accept the call before the delay expires, then the call
will be dropped. The conditional entry call is the preferred method of making task entry calls
from fast interrupt handlers because it allows the interrupt service routine to complete straight
through and it guarantees queueing of the entry call if the called task is not waiting.

When using this method, make sure that the interrupt is included in the -interruptentrytable
specified at link time. See Section 71..15 for more details.

F.6.2 Implementation of Fast Interrupts

Fast interrupt tasks are not actually implemented as true Ada tasks. Rather, they can be viewed
as procedures that consist of code simply waiting to be executed when an interrupt occurs. They
do not have a state, priority, or a task control block associated with them, and are not scheduled
to "tun" by the run-time system.

Since a fast interrupt handler is not really a task, to code it in a loop of somekind is mearingless
because the task will never loop; it will simply execute the body of the accept statement whenever
the interrupt occurs. However, a loop construct could make the source code mor easily understood
and has no side effects except for the generation of the executable code to implement to loop
COsMtnacL

F.6.2.6 Flow of Control

When an interrupt occurs, control of the CPU is transferred directly to the accept statement of the
task. This means that the appropriate slot in the interrupt vector table is modified to contain the
address of the corresponding fast interrupt accept statement.

Associated with the code for the accept statement is

at the very beginning:
code that saves registers and sets (E)BP to look like a frame where the interrupt return
address works as return address.

at the very end:
code that restores registers followed by an IRET instruction.

Note that if the interrupt handler makes an entry call to another task, the interrupt handler is
completed through the IRET before the rendezvous is actually completed. After the rendezvous
completes, normal Ada task priority rules will be obeyed, and a task context switch may occur.

Normally, the interrupting device must be reenabled by receiving End-Of-Imerrupt messages. These
can be sent from machine code insertion statements as demonstrated in Example 7.
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F.A..7 Saving NPX State

If the interrupt handler will perform floating point calculations and the state of the NPX must be
saved because other tasks also use the numeric coprocessor, calls to the appropriate save/restor
routines must be made in the statement list of the accept statement. These routines are located
in package RTS=EntryPoints and are called RTS StoreNPXSMe and RTSRestore=NPXState.
See example 6 for more information.

F.A..S Storage Used

This section details the storage requirements of fast interupt handlers.

F.6.2.9 Stack Space

A fast interrupt handler executes off the stack of the task executing at the time of the interrupL
Since a fast interrupt handler is not a task it does not have its own stack.

Since no local data or parameters are permitted, use of stack space is limited to procedure and
function calls from within the interrupt handler.

F.6.2.LIO Run-Time System Data

No task control block (TCB) is created for a fast interrupt handler.

If the fast interrupt handler makes a task entry call, an entry in the _CDJNTERRUPTIVECTOR
must be made to allocate storage for the queuing mechanism. This table is a run-time system data
structure used for queuing interrupts to normal tasks. Each entry is only 10 words for 80386/80486
protected mode compilers and 5 words for all other compiler systems. This table is created by
the linker and is constrained by the user through the linker option -interruptentry table. For
more information, see Section F.6.2.1 on linking an application with fast interrupts.

If the state of the NPX is saved by user code (see Section F.62.7), it is done so in the NPX save
area of the TCB of the task executing at the time of the interrupt. This is appropriate because it
is that task whose NPX state is being saved.

F.6.3 Building an Application with Fast Interrupt Tasks

This section describes certain steps that must be followed to build an application using one or
more fast interrupt handlers.
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F.6.3.1 Source Code

The pnama INTERRUPTHANDLER which indicates that the interrupt handler is the fast form
of interrupt handling and not the normal type, must be placed in the task specification as the first
statement.

When specifying an address clause for a fast interrupt handler, the offset should be the interrupt
number, not the offset of the interrupt in the interrupt vector. The segment is not applicable
(although a zero value must be specified) as it is not used by the compiler for interrupt addresses.
The compiler will place the interrupt vector into the INTERRUPTVECTORTABLE segment. For
real address mode programs, the interrupt vector must always be in segment 0 at execution time.
For protected mode programs, the user specifies the intermpt vector location at build time.

Calls to RTS_Store_NPXState and RTS_RestoreNPXState must be included if the state of the
numeric coprocessor must be saved when the fast interrupt occrus. These routines are located in
package RTSEntryPoints in the mot library. See example 6 for more information.

F.6.3.2 Compiling the Program

No special compilation options are required.

F.6.3.3 Linking the Program

Since fast interrupt tasks are not real tasks, they do not have to be accounted for when using the
-tasks option at link time. In fact, if there are no normal tasks in the application, the program
can be linked without -tasks.

This also means that the linker options -It stack size, -Itsegment size, -mpsegmentusize, and
-task storagesize do not apply to fast interrupt tasks, except to note that a fast interrupt task will
execute off the stack of the task running at the time of the interrupt.

If an entry call is made by a fast interrupt handler the interrupt number must be included in the
-interruptentrytable option at link time. This option builds a table in the run-time system data
segment to handle entry calls of interrupt handlers. The table is indexed by the interrupt number,
which is bounded by the low and high interrupt numbers specified at link time.

F.63.4 Locating/Building the Program

For real-address mode programs, no special actions need be performed at link time: the compiler
creates the appropriate entry in the INTERRUPTVECrORTABLE segmen. This segment must be
at segment 0 before the first interrupt can occur.

For protected mode programs no special actions need be performed. The Ada Link automatically
recognizes Ada interrupt handlers and adds them to the IDT.
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F.6.4 Examples

These examples illusrate how to write fast interrupt tasks and then how to build the application
using the fast interrupt tasks.

F.6.4.1 Example 1

This example shows how to code a fast interrupt handler that does not make any task entry calls.
but simply performs some interrupt handling code in the accept body.

Ada source:

with System;
package P is

<potentially other declaratons>

task Fastjnterrupt_Handler is
pragma INTERRUPTHANDLER;
entry E.
for E use at (segment => 0. offset => 10);

end;

<potentially other declarations>

end P;

package body P is

<potentially other declarations>

task body FastInterruptHandler is
begin

accept E do
<handle interrupt>

end E;
end;

<potentially other declarations>

endl•P

with P,
procedunr Example)I is
begin

<main program>
end Example);

Compilation and Linking:
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S ada Examplel
$ adaslink Example_1 ! Note: no other tasks in the system in this example.

F.6.4.2 Example 2

This example shows how to write a fast interrupt handler that services more than one interrupt.

Ada source:

with System;
package P is

task FastInterrupt_Handler is
pragma [NTERRUPT_HANDLER;

entry El;
entry E2;
entry E3;

for El use at (segment => 0, offset => 5);
for E2 use at (segment => 0, offset => 9);
for E3 use at (segment => 0. offset => 11);

end;

end R,

package body P is

task body FastlnterrupLHandler is
begin

accept El do
<service interrupt 5>

end El;

accept E2 do
<service interrupt 9>

end E2;

accept E3 do
<service interrupt 11>

end E3;
end;

end P,

Compilation and Linking:
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S ada Exampk2
S adLJink -tasks- Exanmple_2 # assumes application also has normal tasks (not shown)

F.6.4.3 Example 3

This example shows how to access global data and make a procedure call from within a fast
interrp handler.

Ada source:

with System;
package P is

A : Integer.

task FastInterrupt_Handler is
pragma INTERRUPTHANDLER;
entry E:
for E use at (segment => 0, offset => 16#127#),

end:

end P:

package body P is

B : Ineger

procedure P (X : in out lIneger) is
begin

X :=X+ 1;
end;

task body Fas._InterrupHandler is
begin

accept E do
A := A + B;
P (A);

end E;
end;

end P;

Compilation and Linking:

$ ada Example.3
-' $ ada-link Example.3
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F.6.4.4 Example 4

This example shows how to make a task entry call and force it to be queued if the called task
is not waiting at the accept at the time of the call.

Note that the application is linked with -tasks=2. where the tasks are T and the main program.
Since the fast interrupt handler is making an entry call to T, the techniques used guarantee that
it will be queued. if necessary. This is accomplished by using the conditional call construct in
the accept body of the fast interrupt handler and by including the interrupt in the
interruptentry table at link time.

Ada source:

with System;
package P is

task FastjnterruptHandler is
pragma 1NTERRUPTHANMER;
entry E;
for E use at (segment => 0, offset => b);

end;

task T is
entry E;

end;

end P;

package body P is

task body FastInterruptHandler is
begin

accept E do
select

T.E;
else

null;
end select;

end E;
end;
task body T is
begin

loop
select

accept EF
or

delay 3.0;
end select;

end loop;end;

end PI,
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Compilation and Linking:

S ada Example 4
S ada-link -tasks 2 -interruptentrytable 8,8 Example_4

F.6.4.. Example 5

This example shows how to build an application for 80386/80486 protected mode programs using
fast interrupt handlers.

Ada source:

with System;
package P is

task FasInterrupLHandler is
pragma INTERRUPT.HANDLER;
entry E;
for E use at (segment => 0. offset => 17);

end;

end P:

package body P is

task body FastjnterruptHandler is
begin

accept E do
null;

end E;
end;

end P;

Compilation and Linking:

$ ada Example_$
$ ada-Jink -tasks - Example.S
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F.6.4.6 Example 6

This example shows how to save and restore the state of the numeric coprocessor from within a
fast interrupt handler. This would be required if other tasks are using the coprocessor to perform
floating point calculations and the fast interrupt handler also will use the coprocessor.

Note that the state of the NPX is saved in the task control block of the task executing at the time
of the intenupt.

Ada source:

with System;
package P is

task FastjnterruptHandler is
pragma INTERRUPTHANDLER;
entry E;
for E use at (segment => 0, offset => 25);

end;

end PR

with RTSEntryPoints;
package body P is

task body FastInterrupt.Handler is
begin

accept E do
RTSEntryPoints.Store_.NPXState;

<user code>

RTS.EntryPoints.RestoreNPX State;
end E;

end;

end P;

Compilation and Linking:

$ ada Example_6
$ ada-link -npx -tasks - Example_6

F.6.4.7 Example 7

This example shows how to send an End-Of-Interrupt message as the last step in servicing the
interrupt.

Ada source:
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with System:
package P is

task FastInterrupt_Handler is
pragma INTERRUPTHANDLER;
entry E.
for E use at (segment => 0. offset => 5);

end;

end!•P

with Machine-Code; use MachineCode;
package body P is

procedure SendEOl is
begin

machine-instruction'
(negister_immediaze, mMOV, AL. 16#66#);

machine_instruction'
(immediate_jgister, mOUT, 16#0eO#. AL);

end;
pragma inline (SendEOI);

task body FastjnterruptHandler is
begin

accept E do
<user code>
SendEOl;

end E;
end;

end P,

Compilation and Linking:

S ada Example_7
S ada-link -tasks - Example_7

F.6-S Normal Interrupt Tasks

"Normal" interrupt tasks are the standard method of servicing interrupts In this case the interrupt
causes a conditional entry call to be made to a normal task.

F.6.1.1 Features

Normal interrupt tasks provide the following features:

1) Local data may be defined and used by the interrupt task.
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2) May be called by other tasks with no restrictions.

3) Can call other normal tasks with no restrictions.

4) May be declared anywhere in the Ada program where a normal task declaration is allowed.

F.63.2 Limitations

Mapping of an interrupt onto a normal conditional entry call puts the following constraints on the

involved entries and tasks:

1) The affected entries must be defined in a task object only, not a task type.

2) The entries must be single and parameterless.

F.6.5.3 Implementation of Normal Interrupt Tasks

Normal interrupt tasks are standard Ada tasks. The task is given a priority and runs as any other
task, obeying the normal priority rules and any time-slice as configured by the user.

F.6.5.4 Flow of Control

When an interrupt occurs, control of the CPU is transferred to an interrupt service routine
generated by the spcification of the interrupt task. This routine preserves the registers and calls
the run-time system, where the appropriate interrupt task and entry are determined from the
information in the _CDINTERRU7F_VECTOR table and a conditional entry call is made.

If the interrupt task is waiting at the accept statement that corresponds to the interrupt, then the
interrupt task is scheduled for execution upon retuin from the interrupt service routine and the call
to the run-time system is completed. The interrupt service routine will execute an IRET, which
reenables interrupts, and execution will continue with the interrupt task.

If the interrupt task is not waiting at the accept statement that corresponds to the interrupt. and
the interrupt task is not in the body of the accept statement that corresponds to the interrupt. then
the entry call is automatically queued to the task, and the call to the run-time system is
completed.

If the interrupt task is not waiting at the accept statement that corresponds to the interrupt, and
the interrupt task is executing in the body of the accept statement that corresponds to the interrupt.
then the interrupt service routine will NOT complete until the interrupt task has exited the body
of the accept statement. During this period, the interrupt will not be serviced, and execution in
the accept body will continue with interrupts disabled. Users are cautioned that if from within
the body of the accept statement corresponding to an interrupt, an unconditional entry call is made,
a delay statement is executed, or some other non-deterministic action is invoked, the result will
be erratic and will cause non-deterministic interrupt response.

Example 4 shows how End-Of-Interrupt messages may be sent to the interrupting device.
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F.6.5.. Saving NPX State

Because normal interrupt tasks are standard tasks, the state of the NPX numeric coproccssor is
saved automatically by the run-time system when the task executes. Therefore, no special actions
are necessary by the user to save the state.

F.6S.6 Storage Used

This section describes the storage requirements of standard interrupt tasks.

F.6..7 Stack Space

A normal interrupt task is allocated its own stack and executes off that stack while servicing an
interrupt. See the appropriate sections of this User's Guide on how to set task stack sizes.

F.6.S.8 Run-Time System Data

A task control block is allocated for each normal interrupt task via the -tasks option at link time.

During task elaboration, an entry is made in the run-time system _CDINTERRUPT_VECTOR
table to "define" the standard inerrupL This mechanism is used by the run-time system to make
the conditional entry call when the interrupt occurs. This means that the user is responsible to
include all interrupts serviced by interrupt tasks in the -interruptentry table option at link time.

F.6.6 Building an Application with Normal Interrupt Tasks

This section describes how to build an application that uses standard Ada tasks to service
interrupts.

F.6.6.1 Source Code

No special pragmas or other such directives are required to specify that a task is a normal interrupt
task. If it contains interrupt entries, then it is a normal interrupt task by defaulL

When specifying an address clause for a normal interrupt handler, the offset should be the
interrupt number, not the offset of the interrupt in the interrupt vector. Thc segment is not
applicable (although some value must be specified) because it is not used by the compiler for
interrupt addresses. The compiler will place the interrupt vector into the
INTERRUPTVECTORTABLE segment. For real address m -de programs, the interrupt vector
must always be in segment 0 at execution time. This placement can be accomplished by specifying
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the address to locate the INTERRUPTVECTORTABLE segment with the loc86 command, or at
run time, by having the stanup code routine of the UCC copy down the
LNTERRUPTVECTORTABLE segment to segment 0 and the compiler will put it there
automatically. For protected mode programs, the user specifies the interrupt vector location at
build time.

F.6.6.2 Compiling the Program

No special compilation options are required.

F.6.6.3 Linking the Program

The interrupt task must be included in the -tasks option. The link options -It stack size,
It_segment size, -mp segment size, and -task storagesize apply to normal interrupt tasks and

must be set to appropriate values for your application.

Every interrupt task must be accounted for in the -interruptentry table option. This option
causes a table to be built in the run-time system data segment to handle interrupt entries. In the
case of standard interrupt tasks, this table is used to map the interrupt onto a normal conditional
entry call to another task.

F.6.7 Examples

These examples illustrate how to write normal interrupt tasks and then how to build the application
using them.

F.6.7.1 Example 1

This example shows how to code a simple normal interrupt handler.

Ada source:

with System;
package P is

task NormalInterrupLHandler is
entry E;
for E use at (segment => 0, offset => 10);

end;

end P,

package body P is

task body NormalInterruptHandler is
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bei-n
accept E do

<handle interrupt>
end E;

end;

end P.

with P.
procedure Example-l is
begin

<main program>
end Example..:

Compilation and Linking:

$ ada Example-l
$ adaJink -tasks 2 -interruptentry table 10,10 ExampleI

F.6.7.2 Example 2

This example shows how to write a normal interrupt handler that services more than one interrupt
and has other standard task entries.

Ada source:

with System;
package P is

task Normal_Task is

entry El;
entry E2; - standard entry
entry E3;

for El use at (segment => 0, offset => 7);
for E3 use at (segment => 0, offset => 9);

end;

end P,

package body P is

task body NormalTask is
begin

loop
select

accept El do
<service interrupt 7>
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end El;
or

accept E2 do
<standard rendezvous>

end E2;
or

accept E3 do
<service interrupt 9>

end E3;
end select;

end loop,
end NormaITask:

end P•

Compilation and Linking:

$ ada Example.2
$ ada-link -tasks -interrupt entrytable 7,9 Example2

F.6.7.3 Example 3

This example shows how to build an application for 80386 protected mode programs using normal
interrupt handlers.

Ada source:

with System;
package P is

task NormalInterruptHandler is
entry Eý
for E use at (segment => 0, offset => 20);

end;

end P3

package body P is

task body NormalInterruptHandler is
begin

accept E do
nul

endE
end;

end PR
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Compilation and Linking:

S ada Example.3
S ada.Jink -tasks -interruptentryTable 20,20 Example.3

F.6.7.4 Example 4

This example shows how an End-Of-lmernupt message may be sent to the inierrupting device.

Ada source:

with System;
package P is

task Normal InterruptHandler is
entry E;
for E use at (segment -> 0, offset -> 7);

end;

end P;

with Machine Code; use Machine Code;
package body P is

procedure Send OI is
begin

machineinstruction'
(register immediate, mMOV, AL, 16#66#);

machineinstruction'
(immediate register, mOUT, 16#OeO#, AL);

end;
pragma inline (Send EOI);

task body NormalInterruptHandler is
begin

accept E do
<user code>
Send 01;

end E;
end;

end P;

Compilation and Unking:

S ada Example_4
S adaJink -tasks -interrupt entrytable 7,7 Example. 4
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F.6.8 Interrupt Queuing

DDC-I provides a useful feature that allows task entry calls made by interrupt handlers (fast and
normal variant) to be queued if the called task is not waiting to accept the call, enabling the
interrupt handler to complete to the IRET. What may not be clear is that the same interrupt may
be queued only once at any given time in DDC-I's implementation. We have made this choice
for two reasons:

a) Queuing does not come for free, and queuing an interrupt more than once is considerably
more expensive than queuing just one. DDC-I feels that most customers prefer their
interrupt handlers to be as fast as possible and that we have chosen an implementation that
balances performance with functionality.

b) In most applications, if the servicing of an interrupt is not performed in a relatively short
period of time, there is an unacceptable and potentially dangerous situation. Queuing the
same interrupt more than once represents this situation.

Note that this note refers to queuing of the same interrupt more than once at the same time.
Different interrupts may be queued at the same time as well as the same interrupt may be queued
in a sequential manner as long as there is never a situation where the queuing overlaps in time.

If it is acceptable for your application to queue the same interrupt more than once, it is a
relatively simple procedure to implement the mechanism yourself. Simply implement a high
priority agent task that is called from the interrupt handler. The agent task accepts calls from the
interrupt task and makes the call on behalf of the interrupt handler to the originally called task.
By careful design. the agent task can be made to accept all calls from the interrupt task when they
are made, but at the very least, must guarantee that at most one will be queued at a time.

F.6.9 Recurrence of Interrupts

DDC-I recommends the following techniques to.-ensure that an interrupt is completely handled
before the same interrupt recurs. There are two cases to consider, i.e. the case of fast interrupt
handlers and the case of normal interrupt handlers.

F.6.9.1 Fast Interrupt Handler

If the fast interrupt handler makes an entry call to a normal task, then place the code that
reenables the interrupt at the end of the accept body of the called task. When this is done, the
interrupt will not be reenabled before the rendezvous is actually completed between the fast
interrupt handler and the called task even if the call was queued. Note that the interrupt task
executes all the way through the IRET before the rendezvous is completed if the entry call was
queued.

Normally, end-of-interrupt code using LowLevellO will be present in the accept body of the fast
interrupt handler. This implies that the end-of-interrupt code will be executed before the
rendezvous is completed, possibly allowing the interrupt to come in again before the application
is ready to handle iL

If the fast interrupt handler does not make an entry call to another task, then placing the
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end-of-interrupt code in the accept body of the fast interrupt task will guarantee that the interrupt
is completely serviced before another interrupt happens.

F.6.9.2 Normal Interrupt Handler

Place the code that reenables the interrupt at the end of the accept body of the normal interrupt
task. When this is done, the interrupt will not be reenabled before the rendezvous is actually
completed between the normal interrupt handler and the called task even if the call was queued.
Even though the interrupt "completes" in the sense that the IRET is executed, the interrupt is not
yet reenabled because the rendezvous with the normal task's interrupt entry has not been made.

If these techniques are used for either variant of interrupt handlers, caution must be taken that
other tasks do not call the task entry which menables interrupts if this can cause adverse side
effects.

F.7 Unchecked Conversion

Unchecked conversion is only allowed between objects of the same "size". However, if scalar type
has different sizes (packed and unpacked), unchecked conversion between such a type and another
type is accepted if either the packed or the unpacked size fits the other type.

F.8 Input/Output Packages

In many embedded systems, them is no need for a traditional [/0 system, but in order to support
testing and validation, DDC-I has developed a small terminal oriented I/O system. This I/O system
consists essentially of TEXTIO adapted with respect to handling only a terminal and not file I/O
(file I/O will cause a USE error to be raised) and a low level package called
TERMINALDRIVER. A BASICJO package has been provided for convenience purposes,
forming an interface between TEXTJO and TERMINAL-DRIVER as illustrated in the following
figure.

T=X 10
BASIC 10

(U/W Interface)

The TERMINAL-DRIVER package is the only package that is target dependent, i.e., it is the only
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package ta need be changed when changing communications conuollers. The actual body of the
TERMINAL-DRIVER is written in assembly language and is part of the UCC modules DIIPUT
and DIIGET. The user can also call the terminal driver routines directly, i.e. from an assembly
language routine. TEXTIO and BASICIO ar writen completely in Ada and need not be
changed.

BASIC-1O provides a mapping between TEXTIO control characters and ASCII as follows:

TEXT_1O ASCII Character

LINE ETRMINATOR ASCILCR
PAGEJERMINATOR ASCII.FF
FILETERMINATOR ASCILSUB (CTRL/Z)
NEW-LINE ASCII.LF

The services provided by the terminal driver are:

I) Reading a character from the communications port. Get-Character.

2) Writing a character to the communications port, Put_Character.

F.8.1 Package TEXT-1O

The specification of package TEXT JO:

praqga page;
with BASIC TO;

with I10 EXCEPTIONS;

package TEXT _O is

type FILE TYPE is limited private;

type FILE NODE is (Zx rILE, OUT FILE);

type COUNT is range 0 .. INTGYER' LAST;
subtype POSITIVE COUNT is COUNT range 1 .. COUNT' LAST;
UNBOUNDED: constant COUNT:,- 0; -- line and page length

-- max. size of an integer output field 2#.... 0
subtype FIELD is INTEGER range 0 .. 35;

subtype N01ER BASE is INTEGER range 2 .. 16;

type TYPESET is (LOWERCASE, UPPER CASE);

pragma PAGE;
-- File Manaqemnt

procedure CREATZ (FILE : In out FILE TYPE;
"NOWE in FILE MODE :-OT FILE;

NAE in STRING ;
OM : in STRING :

procedure OPEN (FILE in out FILE TYPE;
NODE In FILE MODE;
NAM : in STRING;
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form in STRING

procedure CLOSE (TILE in out FILE TYPE);
procedure DELETE (FILE In out FILE TYPE);
procedure RESET (TILE in out FILE TYPE.

NODE In FILE MCI);
procedure RZSET (FILE in out FILE TYPE);

function MODE (FILE in FILE TYPE) return FILE MODE;
function Num (FILE In FILE TYPE) return STRING;
function FOM (FILE in FILE TyPE) return STaING;

function S OPhIE(FILE in FILE TYPE return BOOLEAN;

pragum PAGE;
-- control of default Input and output files

procedure SET INPUT (FILE in FILE TYPE);
procedure SET.OUTPb T (FILE in FzLE TYPE);

Zunction STANDARDINPUT return FILE TYPE;
function STANDARD OUTPUT return FILETYPE;

function CURRENT INPUT return FILE TYPE;
function CURRENT-OUTPUT return FILE TYPE;

praqma PAGE;
-- specification of line and page lengths

procedure SZT LINE LENGTB (FILE in FILE TYPE;
TO in COUNT);

procedure SET LINELENGTU (TO : in COUNT);

procedure SET PAGE LENGTH (FILE in FILEMTYPE;
TO in COUNT);

procedure SET.PAGE LENGTH (TO : in COUNT);

function LINE LENGTH (FILE : in FILZE TYPE)
return COUNT;

function LINELENGTH return COUNT;

function PAGE LENGTH (FILE : in FILZE TYPE)
return COUNT;

function PAGE LENGTH return COUNT;

pragum PAGE;
-- Column, Line, and Page Control

procedure NEWMLINE (FILE : in FILE TYPE;
SflACING in POSITIVE COUNT : 1);

procedure NEMLINZE (SPACING in POSTIVECONT :- 1);

procedure SIZC- LINE (FILE : In FILE TYPE;
SPACING in PO5SITIVE COUNT -1);

prr.cedure SXIP LINZ (SPACING in POSITIVE COUNT : 1);

function END OFLINE (FILE in FILE TYPE) return BOOLEAN;
function END OF LINE return BOOLEAN;

procedure NEW PAGE (FILE in FILE TYPE);
procedure Nz PAGE;

procedure SXKIP PAGE (FILE in FILE TYP•);
procedure SXIP PAGE;

function END OFPAGE (FILE in FILE TYPE) return BOOLEAN;
function DID OF.PAGZ return BOOLEAN;

function END OF FILE (FILE in FILZ TYPE) return BOOLEAN;
function elD OFFILE return BOOLEAN;
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procedure SZT.COL (FILE in FILZ TYPE;
TO in POSITIVE COUNT);

procedure SET COL (TO : In POSITIVE COUNT);

procOdure SET LINE (FILE : in FILE TYPE;
TO in POSITIVE COUNT);

procedure SETLINE (TO in POSITIVE COUNT);

function COL (FILL in FILE TYPE)
return POSITIVE COUNT;

function COL etu=rn POSITIVE COUNT;

function LINE (FIL, in FILZETYEZ)
return POSITIVECOUNT;

function LINE return POSITIVECOMUT;

function PAGE (FrI= in FILE TYPE)
return POSITIVE COUNT;

function PAGE return POSITIVE COUNT;

praqma PAGE;
-- Character input-Output

procedure GET (FILE in FILE TYPE; ITEM out CHARACTER);
procedure GET ( ITEM out CHARACTER);
procedure PUT (FILE in FILE TYPz; ITEM in CHARACTER);
procedure PUT ( ITEM in CHARACTER);

-- Strinq Input-Output

procedure GET (FILE in FILE TYPE; ITEM out CHARACTER);
procedure GET ( ITEM out CHARACTER);
procedure PUT (FILE In FILE TYPE; ITEM in CHARACTER);
procedure PUT ( ITEM In CHARACTER);

procedure GETLINE (FILE in FILE TYPE;
ITEM out STRING;
LAST out NATURAL);

procedure G•TLINZ (ITEM out STRING;
LAST out NATURAL);

procedure PUT LINE (FILE In FILE TYPE;
ITEM in STRING);

procedure PUT-LINE (ITEM in STRING);

pragma PAGE;
-- Generic Package for Input-Output of Integer Typos

generic
type NUN is rangq <>;

package INTEGZER10 is

DEFAULT WIDTH FIELD : NUM'WIDTH;
DEFAULT EASE NUMZER EASE - 10;

procedure GET (FILE In FILE TYPE;
ITEM out NUM;
WIDTH in FIELD :-0);

procedure GET (ITEM out NUN;
wiDns in FIELD :-0);

procedure PUT (FILE In FILZ "YPE;
ITEM In NUM;
WIDTH In FIELD :- DEFAULT II•IT;
BASE in NUMBER EASZ :- DEFAULTASE);

procedure POT (ITEM in NUM;
WIDTH in FIELD :- DEFAULT WIDTH;
BASE in NUMBER•EASE :- DEFAULT EASE);

procedure GET (FrX1 In STRING;
ITEM out NUM;
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LaS out POSITTVE);

p::cedure PUT (TO out STRING;
ITEM In NON;
SASS In NMISESSASZ :- DEFAULT ASE);

end INIEGR 10;

pragma PAGE.;

-- Generic Packages Vor Input-Output of Real Types

generic
type NUR is digits <>;

packase FLOJ_10 Is

DZFADZVLTPOZ FIELD :-2;
DEFAVLTAFT FIELD -NON' DIGITS - 1;
DEFAOLT3CP: FIELD - 3;

procedure GET (FILE in rILETYFPE;
ITEM out NO4;
WIDTH in FIELD 0);

procedure GET (ITEM out NMO;
WIDTH in FIELD :- 0);

procedure POT (FILE in FILE -TYPE;
ITEM in NIO;
TORM in FIELD : DEFALT FORE;
AFT In FIELD :m DUAGLTAFT;
MCP In FIELD DEFAULT EXP);

procedure PUT (ITEM in NOM;
FORE in FIELD - DEFAULT FORE;
AFT in FIELD :- DEFAULT- F';

W : in FIELD : DEFAULT EXI);

procedure GET (FROM in STRING;
ITEM out NOM;
LAST out POSITIVE);

procedure PUT (TO out STRING;
ITEM in NON;
AFT in FIELD :- D•UALT AFT;
El : in FIzLD :- DE'AULT--XP);

end FLOAT_10;

pragma PAGE;

generic
type NUO is delta <>:

packaq*e FI•D 1O is

DEFAULT FORE FIELD :-NOM' FORE;
DErAULT AFT FIELD -NOM'IAFT;

rFAULT 5XP FIELD :" 0;

procedure GET (FILE in FILE TYPE;
ITEM out NON;
WIDTH in FIELD :0);

procedure GET (Tl : out NON;
S:m in FIELD -0);

procedure PUT (FILE in FILE TYPZE;
I1TE in NON;
FORE In FIELD :- DEFAULTFORE;
AFT in FIELD :a DEFALTAfT;
EX : In FIELD :- DZFAULTý_MM);

procedure PUT (ITCH in NUN;
FORE in FILD :- DEFAULT FORE;
AFT in FIELD :DEFAULT AFT;
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32W in FIELD :- DEFAULT 32(P);

procedure OCT (FROM in STMIG;
ITUE out N014;
LAST out POSITIVE);

procedure OUT (TO out STRING;
ITEM in MGM;
AFT In FIELD OErAULT AFT;
32W In FIELD :-DEAULT 52);

end FIXED-t0;

pragma PAGE;
-- Generic Package for Input-Output of Enumeration Types

generic
type 31603 Is (<>I;

package ZNU36RATION-10 is

DEFAULT WIDTH1 FIELD :-0;
DEFAULT -SETTING TYPE SECT -UPPER-CASE;

procedure GET (FILE In FILE-TYPE; ITEM out 31101);
procedure GET ( ITEM out 33403);

procedure PUT (FILE FILE TYPE;,
ITEM4 in ZrMI;
WIDTH in FIELM DEFAULT WIDTH;
SET in TYPE SET -DEFAULT SETTING);

procedure PUT (ITEM4 in 33034;-
NIDTS in FIELD -DEFAULT WIDTH;
SET in TYPESET -DEFAULT SETTING);

procedure GET (IRO in STRING;
ITEM4 out 3303;
LAST out POSITIVE);

procedure PUT (TO Out STRING;
ITEMIin MW03;
SET in TYPESET :- DEFAULT SETTING)

end ENUMERATION IC;

pragma PAGE;

-- Exceptions

STATVSERRR exception renams IC-EXCEPTIONS. STATUS ERROR;
34003 ERROR exception rename 1-IEXCEPTIONS.NOOE-ERROR;
mAhU ERROR exception renaimes 10 EXCEPTIONS. NAME ERAOR;
USE Ehum exception renames IC7EXCEPTIONS. USE ERROR;
DEVICE aRROR exception renaews IoEzxczPTzovs. DEvicE ERPOR;

WEN RSM exception renames 10 EXCEPTIons. END ERRR;
DATA Emom exception renames IOEXCpTIoms- DATEAoR;
LAYOT4*E-RRR exception renames IO7EXCETIONS .LAYOUTEZRRORt;

prague page;
pri.Vate

type FILE-TYP9 is
record

FT: NTErGER -1;
end record;

end TEXT 10;
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F.&2 Package IOEXCEPTIONS

The specification of the package IOEXCEPTIONS:

package TOjXCUT•IOQS is

STATUS CUM exception;
"Wo: &bolt exception;
MAKE rJUo exception;
uIs& b it3 exception;

mivZcZ t.3. exception;
asD nOa exception;
Oki O330 exception;
LAYO:T -SM0* exception;

end 10EXCZUTOUS;

F83 Package BASIC-IO

The specification of package BASIC_1O:

vith ZXO Ic IonS;

package IASZC ZO Is

type count is range 0 .. inte"er' last;

subtype positive count Is count range 1 .. count'last;

function getinteger return string;

-- skips any leading blanks. line treminators or page
-- terminators. Then reads a plus or a minus sign If

-- present. then reads according to the syntax of an

-- integer literal, which may be based. Stores in item

-- a string containing an optional sign and an Int.eger
-- literal.

-- The exception OATAROR is raised if the sequence
-- of characters does not correspond tc the syntax
-- described above.

-- The exception DED 5,31OR is raised if the file terminator

-- is read. This means that the starting sequence of an
-- integer has not been met.

-- Note that the character terminating the operation must

-- be available for the next get operation.

function getreal return string;

-- Corresponds to getinteget except that It reads according

-- to the syntax of a real literal, which may be based.

function get enumer&tion return string;

-- Corresponds to get integer except that it reads according
-- to the syntax of an Identifier, where upper and lower
-- case letters ar equivalent to a character literal
-- Including the apostrophes.
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function get Ltem (length : In integer) return string;

-- sa a string from the current line and store" it in
-- Item. If the remaining number of characters on the
-- current Ine is leas than length then only these

- characters are returned. The line terminator Is not
skipped.

procedure put Ltem (item : in string);

- If the length of the string is greater than the current
- maximm l*ne (linelength), the exception LJYOOTERROR
00 is raiLed.

-If the string does not fit on the current line a line
-- teminator Is output, then the item is output.

-U Lina and page lengths - Ann 14.3.3.

procedure set linelength (to in count);

procedure set_paqgeength (to In count);

function line length return count;

function pagelengqth return count;

-- Operations on columns, lines and pages - AMR 14.3.4.

procedure new line;

procedure skipline;

function end-oflLne return boolean;

procedure nee pagq;

procedure skipjpage;

function end of page return boolean;

function end of file return boolean;

procedure set col (to in positive count);

procedure set-line (to in positive count);

function col return positive count;

function Ilne return positive count;

function page return positive.count;

-C haracter and string procedures.
-- Corresponds to the procedures defined in AM 14.3.6.

procedur get character (item out character);

procedure get string (item out string);

procedure get _ine (item : out string;
last : out natural);

procedure putcharacter (item : In character);

procedure putstring (item : in string);
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procefure put Ila* (item Ln string);

-- exceptions:

as& Uim exception renamies 10Or" MTIOMS oSZ;EMOa;
0Vcd3ý-Oa except ion renamies I0&&w,03flW3. O3V!CEý_Z0R;
EN 4O~R exception renaimes 1 Z0XCZFZOKSI.ZUIZRROR;
oAZ& zaa e"ception renames za0zcz1?Z0s6. DAii EP*R;

ZAY ROR:M exception renaMes IOE1fVITS09. L&YOUT-EAOR;

and BUASC 10;

FJB.4 Package TERMINAL DRIVER

The specification of package TERMINAL..DRIVER

package ?IUEIUALtDRWrM is

procedure put character (ch In character);

procedure get character (ch out character);

private

pragma interface (ASHO, putcqharacter);
pragma inteeface spelling (put~character. D1110T'put~character*);

pragma interface (A"GS, get~chazacter);
pragma inteztaceape~lliag Iqet~character, DlZCZT?get~character*);

end TZ7waaUL-DRIM;

F.&S Packages SEQUENJMAL-10 and DIRECT-10

The specifications of SEQUENTIALlO and DIRECTJO0 are specified in the AR,\:

Since files are not supported tMe subprograms in thene units icaise USE-ERROR or
STATUS-ERROR.
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F.UA Packap LOW-LEVEL-1O

The specification of LOWLEVELJO (16 bits) is:

with System;

package LC.WLrVILJO is

subtype port address is System. Onsignedwor;

type 11io_ Is now integer range -128..127;
type 11±0_•16 is new integer;

procedure sOnd controldevice : in port address;
data in System.lyte);

-- unaigned a bit entity

procedure send €ontrol(device In port address;
data in Systen.Onsigned~ord);

-- unsigned It bit entity

procedure send control(dovice in port Address;
data in _l-_io8);

-- signed 8 bit entity

procedure send control(device in port address;
data In 1i-io 16);

-- signed 16 bit entity

procedure receive control (device In port-address;
data out System.Byte);

-- unsigned 8 bit entity

procedure receive control (device In port address;
data out System.Unsignedlord);

-- unsigned 16 bit entity

procedure receive control(device In port address;
data out 11 io_8);

-- signed 8 bit entity

procedure recelvecontrol(device In portaddress;
data out 11io 16);

s- signed 16 bit entity

private

pragma LnILne(send control, receive control);

end LOW LZVL•_10;

The specification of LOW -LVZLJO (32 bits) is:

with SYSTDE;

package LOW .LEVEL IC iIs

subtype port addrOss is System.Onsignetlord;

type 11o8 is new short Integer range -128..127;
type 11io 16 is new short integer.;
type 11_io_32 Is new integer;

procedure send control(devLce In port address;
data in System.eyte);

-- unsigned A bit entity

procedure send €ontrol(device in port address;
data in SySt.M.OnSLintdllord);
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-= unsigned 1 bit entity

PrOcedue e41nd1• c Qotrl (dev"ce in poet-address.
data in SystmR.VnSIgnedDWo:d);

-- unsigned 32 bit entity

procedure send control (device In portaddress;
data In 1110o9a);

-- signed 0 bit entity

procedure send control (device in port__ddress;
data in 111.o 16);

-- signed 16 bit entity

procedure send contral(device In port address;
data in 11,.lo_32);

-- signed 32 bit entity

procedure receive-control (dovice in portaddr"ess;
data out System.9yte);

-- unsigned I bit entity

procedure receive.control(device in port address;
data out System.VnsignedWord);

-- unsigned 16 bit entity

procedure receive contr.o (device In port-address;
data out Syst~m.VnsignedDWord);

-- unsigned 32 bit entity

procedure receive control(device in port address;
data :out: 21_1o8) ;

-- signed S bit entity

procedure receive control(device in portaddress;
data : out 11_±014_•);

-- signed 16 bit entity

procedure receivecontrol(device In port. ddrss;data :out 11_1o 32);
-- signed 32 bit entity

private

pragma inline(sendcontrol, receive-control);

end LOW L•ZL, O;

F.9 Machine Code Insertions

The reader should be familiar with the code generation strategy and the 80x86 instruction set to
fully benefit from this section.

As described in chapter 13.8 of the ARM [DoD 83] it is possible to write procedures containing
only code statements using the predefined package MACHINE-CODE. The package
MACHINE-CODE defines the typ MACHINEINSTRUCFION which, used as a record aggregate,
defines a machine code insertion. The following sections list the type MACHINEINSTRUCFrON
and types on which it depends, give the restuictions, and show an example of how to use the
package MACHINECODE.
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F.9.1 Predefined Types for Machine Code Inswrtons

The following types ame defined for use when making machine code inseruons; (their type
declarations ame given an the following pages):

type opcode-type
type operAntyp
type register..tyPe
type sepent-regster
type machinejusmarction

The type REGISTER-.TYPE defines registers. The registers Sri describe registers on the floating
stack. (ST is the top of the floating stack).

The type MACHINE.JNSTRUCFION is a discrinminant record type with which every kind of
instruction can be described. Symbolic names may be used in the form

name ADDRESS

Restrictions as to symbolic names can be found in section F.9.2.
It should be mentioned that addresses are specified as 80386/80486 addresses. In case of other
targets, the scale factor should be set to "scale-l".
type opcode type is

808603 Instructions:
sAM.ý aAAD. 5MM.AK sýAML, aADC, "ADO a-AND, A _CALL,

lecAM, 8LCLC, a-CLO, CLI.= a4cm. mOLC", *OWS,. *CO IL. r

nýD= iiPEC. apzJA aEL?. a-bIV, a-0L, a~lE. afliCz, ItA.
aJO.a aJGE. a3JL, a07=2 31 W. s Iif E. aI..33.
83332. I36 a 057aJLJULUE - OVUM. sk331, urns. ulb=

*31. a-jP L a-M 310,PC OLI. a33.J. maW.JP s VM? u
AILES. . a-u OLLOCK LLOOS, aLOOP, a LOOPS.

s-LOOPI. RJNOV SNOTS a)L.M.OW, aNE.mOp, UOR-T. EOR. V=~
sloPP aLPOIF aUS aaPsa mPOS. aRCL. maCA. .301.., maCO,
a REP. RSOA JLE ~ u, a R=N, a Aga X, asREP IATS sA-l
a -SAL, leSAS. .51.,L a -SNR. i-21311 WSCAS, a1LSTC, a3520. iu
aUsTS. a SOD RsTEP?, s;-naz. nuxcEG w;LL?, alzof.

-- $087/S01S7/90287 Floatinq Point Processor instructions:

ajAMS, arc .noooaram a-rAnOP, m.nw. a-J35?P. amycas.
aF.cLEX, s7r00K, aFZ16 I a MONP. aFCONFD, *FCOMP. ajDECSP,
aF~DV, aorvDm, a;FOXYP. lkIDlYR. aFD)XIVRD, EaFOrVRP. sF1325.aFIrjbW. aFIXAbOC aFICOM,. AsF10030 ORFice4 a FICOD, aFrOrv,
a r=Xr"o ajzozva. aFIDITo.m a 71W. sF1100, NFILOL. ai2rzw.
aFi-umWc *FIUCS2P. .1515%?' a FIST. o.11520, qJIU?1, a 715210.
.713211.P, a FISU, a 115030, sF15031. asF150330, s F1., a LMD,
sF-Lvcv, saFLozmEY UFLDLG, aFLOLUS2, w71.r.25 a 71.0.2T. a FLOP!.
a FLoE, sa1.01, a fltL, aL"WLO, a N=-l sf309m, RsPLAM.O
af313m, a-112AM, aFUNOZUT. aFARSTOR, *FSAVE, aIPSCALE, a 73521K.
a~sm ISO?. IS, a-r520, asF5203, a-5236?, US-rTP, a-r5210.
a 7s3236 8sFST3UAZ, sif50, aFIGUD .15031, a sF503, 375310
1ýsf5031 a ITS? uFVAXT, a Trxm. zsjzCz, aFXTRACT. aJyLX.
aFTrL2Xi, a~2flhl,

0 0124/80286/90386 Instructions:
-- notice that som immeato versions of the 3064
-- instructions only euist on these targets
-- (shifts~rotat~sPush,isuI...)

aLBO01N1. sCL.?, .325 a N, s13 a -LAB, E-LEAVE. aLLW2
a LmD? 31.51., 87=325 a-POPA, ELFUKB. a-SGO, a-102.

234



DACS-80x86 User's Guide
Impaucwio-Dependent Characterfiscs

UASPLLmm ULO? UUU LTR

Is 2 bit always...-

skSLW?. aWSKV aRSTIL. ayE!!. IaVErm

-- the 60366 specif ic instructions:

skum . aSETAM. inSMS uýSETBE, o-SETC, EýSETE,
aUTOm. 'mSZTm. sLATL. akSETL, aSE3TMA. o.SETNAZ,
M!UTIEU. aUSTHS. '-sEtUC. aS!?!. a-STMO,
OLS&TM, *a.SZTML. UU-STNLZ aSETWM. a-SEflh, US3zWS.
uU5ZTNZ aUTO, ainSETS, XusmZT, Se3TWO, 0 SETS.
.. sIwn. "miv. ma. 3D?. sk3TC R . ml?!.
m..3S. 1aLS. U:LGs, mIkSS, a MOVE!. aokHVSX.
z2ý_OVCR. 3NOV05, 3UMOM?, 2k saw1, ask-m.

-- the 80337 specific !,natructions:

laJOC03. ...racom m* ujCemp arJPuZMh o-*rm, isrcos.

-- byte/v ard/dword variants (to be used, when
-- not deductible from context):

alýA=CS _aROChI, maA=CO a ADDS. mADOS, 1mACDO.
atAmsC, mýANOS. uAMDO, a3AT11 aUýTO. a ITC".
SLBTCO IRITh. mETRO, UBTSM, u3TSO. a-Cam",
1SCWDE, I-MOSS RCOQ, £055m, 3055,m .kC050.
aL0P53 a 0555., m ChaO. aDEOCS. a DEC11, 1 DECO,
" MIpVS CmOIW i-IVO. mIROZ, aZDZ1w. a-IDMVO
Wa.NOLB, aflSLS. aIHOLO, aflMCC aflCWm. mZnCO.
mZUSD, flmINSS, a nlSt, iaLC-:32 a-LOOSM, .10020,
aSYSM 3NOV1, UoO, miMMSI. a NOV55. a NOV30.
1ýMMovsXD a-NOVSXW, aNMOVEBS alIOVZXW* a PMOLD aýMUxL
ajEW.0. aR-m03, mi309. .4100, .50Th. OLHMOf,
"k-mm "as aCD 30!!. a ORD, maOUTS2,m OTShI.
1a_0?SC, a-POP* , aCPCOPO 1u503311. aPUSNOD, aRRCLS.
auRCLU, micLO. aRCR. a-AM,! M-Am, .R-OLD,
£315._OW m3ODW, aWOSS. aWORII, aWORMD. maRLS,
MLSALS, oSALD, u-SAW5 ajSAR, uýSAR.m 35
a -SKIN. a _SKIDm N, 383. IlkSamN, sk3330!, uD
sk3511, MLSD3, a LSCABS, isSCASW, akSCASO. aILSTOSM.
MLSTOS", a -STOSO. A5035. IR5033, uýSD30, aLTEST

"mATAK, aUOATAD.

-- Special #instructions-: a label, =-roast,

-30067 temp real load/store andop": a rLD?, a rSTPT);

prague page;
type operand _type is ( naon. -- no operands

IedlNate, -- one Immediate Woprand
register, -- one register operand
address, -- one address operand
gyatemRadiresa.- one 'address operand

Asm,- CALL -am
rogister-mimediate. - two operands

-- destination is
-- register
-- source Is immediate

register _register, - two register operands
rogister-address, -- two operands:

-- destination is
-- register
-- source is address

addresaregrister, -- two oVeranda
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-- destination is

-- suc is register
rogister-systsvýaddress.- stwo operands:

-- destination Is
-- register
-- source is 'address

systom-address~regIster. -- two operands:
-- destination is
'-address

-- source is register
address-Imiein ate, - two operands:

-- destination Is
-- address

-- source is immediate
systmemaddress ifaediate, -- two operands

-- destination is
-- 'address

-- source is imedltate
Limsedate register. - only allowed for OUT

-- port Is Lxiediate
-- source Is register

Liemdiate-imediato. -- only allowed for

registezýr regster lemediate. allowed for flUMi.
-- SBRDiem SNLDim

register-address-immediate. - allowed for DWLi=
register systý-aaddreassimediate. -- allowed for DWULim

address registor-immediate, -- allowed for SStimim,
-- SELDIeM

systemaddressregister-imediate - allowed for 30LiM,

type register-type Is (AX. CX, OX, RX, SP, BR, S1. 01, - word regs
AL. CL. DL, SL. AS, CR, OR, 39, -- byte rags
ZAX,&. L X, W, LX.93P, UP, 381Z. 30 d-word cogs
ZS, C3, SS, DS, ri, =S, selectors

RX: a1 X D, mSP S, NP D1, -- 0*OS/80186/90234 combinations
sI, Sif, RM2, 522, -- floating regIsters (stack)
8T1, 8:S, STS. 521,
nil);

-- the extended registers tzAx .. W) plus ri and 653 at* only
-- allowed in 80386 targets

type scale-type is (scal.1,. scalse2, scale 4, scaleS8);

subtype macbine-string is string(l. .1001;

praqma page;
type machine instruction (operand-kind :operand type) is

record
opeode :opcoda type;

case operand,,kid Lx
when Immediate ->

Limedatei integer; -- imediate

when register -
rýreqister register type; -- source end/or destination

when address
"aeqenst :register type; -- source* and/or destination

a address base registerýtype;
s~addressinLdex register -type;
a address seal* scale type;
a~addresi-offset integeor;

when system-address ->
asaaddress :system.address: -- destination

236



DACS-aU0u~o User's Guide
ImplmemdonDependent Characteristics

when name -2,
fklstting :Machine-string; -CALL destination

when register immediate -;I
t L gi"ster to register type; -- destination

ri-medlate0 Integer; - source

when registexr reister -)
;;rrrglater-to register type; -- destination

rryegaterfrom register type; -- source

when tegister address -I
ra&regiet~er -to register -type; -- destination
ra4ýsegmeot registesr-type; -- source
r~aaddrass base register -type;
raadiftess-index register type;
rýa-addresss scale scale type,
rýa~address offset intege;c

when address register
a-rseqmn-t register type; -- destination
ar;ýaddress base register type;
a~radfress index register type;
arjýaddresa scale SCSI*e type;
a~raddress offset integer;
a;rregister from register-type; -- source

when register system address ->
r _sa registier-to register-type; -- destination
rsa~address system.address; -- source

when system address register ->
4_araddress :system. address; -- destination
sarr-eg from zregister type; -- source

when address immediate ->
a IsequeZnt register type; -- destination
ailaddross bass register type;
ai-address index register type;
aiaLddress~sca..t scale type;
a~iaddress -offset integer;
aii,_mmediate Integer; -- source

when system address imbmedate ->
saiaddreas system.address; -- destinationsa-iemmediate integer; so 5urce

when immediate-register ->
i-r-Inmediat* Integer; -- destination
i_;rregster register type; -- source

when Immediate-laediate a>
itiimmodiat*1 integer; -- immediatel
iiimmsdlat*2 integer; -- immadiat*2

when register register immediate ->
r~rijre isterl register-type; -- destination
;_rliregister2 register type; -- seurcel
2riisAeLmdlate integer; -- sourc*2

when register address immediate a>
rai-Lýregiastr register type; -- destination

ra&iSogment registerc type; -- sourcel
r~a~iddxesss base register type;

r~ai1a~dress Index register-type;
:-&-~I address scale scale type;
r si a-Laddress offset: intege-r;

r-A-Lmmediate :integer; -- source2

when register system addre~ss immdiate ->
rsai lregister :register typ; - destination
addrIO 2YstON.address; -- sourcel
rsa~ividiate :Integer; -- source2

237



DACS-80x86 User's Guide
Implementation-Dependent Characteristics

when address_reqlster immediate ->
a C Lsegment register type; -- destination
o F i addrealbase : register type;
a•: i-addreas index register type;
a _:itaddress-scale : scale type;
ar:_itaddress offset: integer;
ai reqgister : register type; -- sourcel
a riiaimmdiate : integer; -- source2

when system address reqistoer Inmdiate ->
sa r I addbess : systen.address; -- destination
saireie Z- register type; -- sourcel
sa =r-immedlat : integer; -- source2

when others ->
null;

end case;
end record;

end machine code;

F.9.2 Restrictions

Only procedures, and not functions, may contain machine code insertions.

Symbolic names in the form x'ADDRESS can only be used in the following cases:

1) x is an object of scalar type or access type declared as an object. a formal parameter, or
by static renaming.

2) x is an array with static constraints declared as an object (not as a formal parameter or by
renaming).

3) x is a record declared as an object (not a formal parameter or by renaming).

The mrCALL can be used with "name" to call (for) a routine.

Two opcodes to handle labels have been defined:

mlabel: defines a label The label number must be in the range I <= x <= 999 and is put
in the offset field in the first operand of the MACHINElNSTRUCTION.

mreeset: used to enable use of more than 999 labels. The label number after a m_R.ESET
must be in the range I<= x <= 999. To avoid errors you must make sure that all
used labels have been defined before a reset, since the reset operation clears all used
labels.

All floating instructions have at most one operand which can be any of the following:

• a memory address
* a register or an immediate value
* an entry in the floating stack
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F.93 Examples

Ttie following section contains examples of how to use the machine code insertions and lists the
generated code.

F.9.4 Example Using Labels

TIe following assembler code can be described by machine code insertions as shown:

NOV AX, 7
NOV CX, 4
O AX, CX

JG I
JE 2
NOV CXAX

1: ADD AX,CX
2: MOV SS: [(÷P+D0, AX

packjaqe exaple 4C Is

procedure test labels;
pragma inline (testlabels);

end example MC;

with MACNMIE CODE; use MACHMNE CODE;
pacagqe body example IC is

procedure test_labels is

begin

m•zCNI• s swhOCTIOa' (register Imediate, .NOV, Ax, 7);
MhACRfIZ ESTOCTIO'ONI (regqist•r Immediate, uMNOV, Cx, 4);
MACINE INS3ROCIOUN (regqisterregistor, m CHR, AX, CX);
MCN=INE IISThOCTIR ON' (immediate, m3G, 1);
M=ACEfI•SI•RCTPON' (Imsediate, a 3E, 2);
MACRINE W•STRVC=O (register.reqister, mtNOV, CZ, AX);
.ACNIne IVS"R2XOCO' (immediate, a label, 1);
MACNINEi-NSTR;CTIOW' (register register, a ADD, AX, CX);
MACNIczEISTRuCTxON- (immediate, m label, 2);
MACNEt -ISnUOCTTOWI' (address register, maNOV, SS, SP,

01, scale 1, 0, AX);

end test labels;

end example MC;

F.9.S Advanced Topics

This section describes some of the more intricate details of the workings of the machine
code insertion facility. Special attention is paid to the way the Ada objects am referenced in
the machine code body, and various alternatives are shown.
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F.9..1 Address Specifications

Package MACHINECODE provides two alternative ways of specifying an address for an
instruction. The first way is referred to as SYSTEM-ADDRESS and the parameter associated
this one must be specified via OBJECT'ADDRESS in the actual MACHINECODE insertion. The
second way closely relates to the addressing which the 80x86 machines employ: an address has
the general form

segment:[base+inldex*scale+offset]

The ADDRESS type expects the machine insertion to contain values for ALL these fields. The
default value NIL for segment. base, and index may be selected (however, if base is NIL, so
should index be). Scale MUST always be specified as scale-1, scale_2, scale.4, or scale_8. For
16 bit targets, scale-1 is the only legal scale choice. The offset value must be in the range of
-32768 .. 32767.

F.9.S.• Referencing Procedure Parameters

The parameters of the procedure that consists of machine code insertions may be
referenced by the machine insertions using the SYSTEMADDRESS or ADDRESS formats
explained above. However, there is a great difference in the way in which they may be specified.
whether the procedure is specified as INLINE or not.

INLINE machine insertions can deal with the parameters (and other visible variables) using the
SYSTEM_ADDRESS form. This will be dealt with correctly even if the actual values are
constants. Using the ADDRESS form in this context will be the user's responsibility since the
user obviously attempts to address using register values obtained via other machine insertions. It
is in general not possible to load the address of a parameter because an 'address' is a two
component structure (selector and offset), and the only instruction to load an immediate address
is the LEA, which will only give the offset. If coding requires access to addresses like this, one
cannot INLINE expand the machine insertions. Care should be taken with references to objects
outside the current block since the code generator in order to calculate the proper frame value
(using the display in each frame) will apply extra registers. The parameter addresses will,
however, be calculated at the entry to the INLINE expanded routine to minimize this problem.
INLINE expanded routines should NOT employ any RET instructions.

Pure procedure machine insertions need to know the layout of the parameters presented to, in this
case, the called procedure. In particular, careful knowledge about the way parameters are passed
is required to achieve a succesful machine procedure. When not INLINE a block is created around
the call which allows addressing of parameters, and code for exiting the procedure il also
automatic.

The user takes over the responsibility for correct parameter addressing. The rules of Ada
procedure calls must be followed. The calling conventions are summarized below.
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F.9J.3 Parameter Transfer

It may be a problem to figure out the correct number of words which the parameters take up on
the stack (the x value). The following is a short description of the transfer method:

INTEGER types take up at least I storage unit. 32 bit integer types take up 2 words, and 64 bit
integer types take up 4 words. In 32 bit targets, 16 bit integer types take up 2 words the low
word being the value and the high word being an alignment word. TASKs are transfened as
INTEGER.

ENUMERATION types take up as 16 bit INTEGER types (see above).

FLOAT types take up 2 words for 32 bit floats and 4 words for 64 bit floats.

ACCESS types are considered scalar values and consist of a 16 bit segment value and a 16 or
32 bit offset value. When 32 bit offset value, the segment value takes up 2 words the high word
being the aligment word. The offset word(s) are the lowest, and the segment word(s) are the
highest.

RECORD types are always transferred by address. A record is never a scalar value (so no
post-procedure action is carned out when the record parameter is OUT or IN OUT). The
representation is as for ACCESS types.

ARRAY values are transferred as one or two ACCESS values. If the array is constrained, only
the array data address is transferred in the same manner as an ACCESS value. If the array is
unconstrained below, the data address will be pushed by the address of the constrainL In this
case, the two ACCESS values will NOT have any alignment words in 32 bit targets.

Packed ARRAY values (e.g. STRING types) are transferred as ARRAY values with the addition
of an INTEGER bit offset as the highest word(s):

+H: BITOFFSET
+L: DATAADDRESS
+0: CONSTRAINTADDRESS - may be missing

The values L and H depend on the presence/absence of the constraint address and the sizes of
constraint and data addresses.

In the two latter cases, the form parameter'address will always yield the address of the data. If
access is required to constraint or bit offset, the instructions must use the ADDRESS form.

F.9.5.4 Example

A small example is shown below (16 bit target):

procedure unsigned-add

(opl : in integer;
op2 : in integer,
res : out integer);
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Notice that machine subpnograms cannot be functions.

The parameters take up:

opl : integer : I word
op2 : integer I word
res :integer I word

Total 3 words

The body of the prcedure might then be the following assuming that the procedure is
defined at outermost package level:

procedure unsiqned add
(Op3 In inteqer;

ip2 In integer;
res out integer) is

begin
pragma abstract acode insertions (true);
aa-instr, (as Create Block,3,l,0,0,0); -- x - 3. y - 1
aaijnstr' (aa End of dclpart, 0, 0. 0, 0., 0);

pragma abstract acod. insertions (false);

machine instruction' (registearsystem address. m*ZOV,
AX, opl address);

machine instruction' (roegiste system address, m ADD,
AX, op2'address) ;

machine instruction' (Imediate, a JNC, 1);
machine instruction' (immediate, my?, 5) ;
machine instruction' (immediate, mi*label,1);
machine instruction' (system addres register, mjMOV,

res' address, AX);

pragua abstract acode-insertions (true);
aaiLnstr' (aa,.xt subpvgzm. 0,0,0, nilar., nil ar) ;-- (2)
"a instr' (aa Set block level.0.0.0,0,0); -- y-1 - 0

prague abstract aZode insertions(false);
end unsigned add;

A rouine of this complexity is a candidate for INLINE expansion. In this case, no changes to the
above 'machine-insruction' statements am required. Please notice that dh is a difference between
addressing record fields when the routine is INLINE and when it is not:

type rec is
record

low integer,
high : integer,

end record,

procedure add_32 is
(opi :in integer,
op2 :in neger.
res out rec);

The parameters ake up I + I + 2 words - 4 words. The RES parameter wil be
addressed directly when INLINE expanded, i.e. it is possible to write:
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machine-instruction'(system_address.register. mMOV,
res'address, AX);

This would, in the not INLINED version, be the same as updating that place on the stack where
the address of RES is placed. In this case, the insertion must read:

machinejnstruction'(mgister-system-address, m-LES,
SI, res'address);

- LES SI.[BP+...]
machine-insurucuon'(addmss-register, mMOV,

ES, SI, nil, scale_l. 0, AX);
- MOV ES:[SI+01,AX

As may be seen, great care must be taken to ensure correct machine code insertions. A help
could be to first write the routine in Ada, then disassemble to see the involved addressings, and
fially write the machine procedure using the collected knowledge.

Please notice that INLINED machine insertions also generate code for the procedure itself. This
code will be removed when the -nocheck option is applied to the compilation. Also not
INLINED procedures using the AAINSTR insertion, which is explained above, will automatically
get a storage-check call (as do all Ada subprograms). On top of tha, 8 bytes are set aside in the
created frame, which may freely be used by the routine as temporary space. The 8 bytes are
located just below the display vector of the frame (from SP and up). The storage.check call will
not be generated when the compiler is invoked with -nocheck.

The user also has the option NOT to create any blocks at all, but then he should be certain that
the return from the routine is made in the proper way (use the RETP instruction (return and pop)
or the RET). Again it will help first to do an Ada version and see what the compiler expects to
be done.

Symbolic fixups are possible in certain instructions. With these you may build 'symbolic'
instructions byte for byte. The instructions involved all require the operand type NAME (like used
with CALL), and the interpretation is the following:

(name, mDATAD, "MYNAMF") a full virtual address (offset and selector) of the
symbol MYNAME (no additional offset is possible).

(name, mDATAW, "MYNAMf") the offset part of the symbol MYNAME (no additional
offset is possible).

(name, mDATAB, "MYNAME") the selector value of symbol MYNAME

In inlined machine instructions it may be a problem to obtain the address of a parameter (rather
than the value). The LEA instruction may be used to get the offset part, but now the following
form allows a way to load a selector value as well:

(system address, LES, param'addrmss) ES is loaded with the selector of PARAM. If this
selector was e.g. SS, it would be pushed and popped
into ES. LES may be substituted for LFS and LOS
for 80386.
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F.1O Package Taaktypes

The TskTypes packages defines the TaskComrolBlock type. This data suctu could be useful
in debugging a tasking pmgrun. The following package Tasktypes is for all DACS-80x86 except
for DACS-80386PMiDACS-80486PM.

with System;

Package ?ask~ypes is

subtype Offset is system.0nignedWo• ;
subty"pe l@ad is System.o nsignedord;

type Tsklntry is new System.onsignedBord;
typO Satry~ndwx is new System OnsignedWord;
type altenativeld is new system.UnsiqgndWord;
type Ticks is new System.DMord;
type Dool is new oole"n;
for Bool' size use 8;
type UZet; is new Sstem.Onsignedlord;

type UaskState Is (Znitiall
-- The task is created, but activation
-- has not started yet.

tngaged,
-- The task has called an entry, and the
-- call is now accepted, Le. the rendezvous
-- Is In progress.

Running,
-- Covers all other states.

Delayed,
-- The task awaits a timeout to expire.

EntryCallinq'Tiaed,
-- The task has called an entry which
-- is not yet accepted.

EntryCallIngqncondLtlona1,
-- The task has called an entry unconditionally.

which is not yet accepted.

Selectlng2iAed,

-- The task is waiting in a select statement
-- with an open delay alternative.

Selectingonconditional,
-- The task waits In a select statement
-- entirely with accept statements.

Seoectingqerminsble,
-- The task waits in a select statement

w- with an open terminate alternative.

Accepting.
-- The task waits in an accept statement.

Synchronizing,
-- The task waits in an accept statement

-- with no statement list.

Completed,
-- The task has coepleted the execution of
-- •ts statement list, but not all dependent
-- tasks are terminated.

Terminated ),
-- The task and all Its descendants
-- are terminated.
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for taakstate use (Initial -> 16000#
Zngaged -> 160400
Running -> 160100
Delayed M> 160180
ZntryCallingTimed -. 160200
LntryCallingUnconditional -> 16#29#
3oelctingiaed -:o 16#310
S.Iectinguncoaditional -., 160390
Selectinq~erminable -> 160410
Accepting -> 16#"# ,
Synchronizing -> 16053#
Completed -) lioCO.
Terminated -16#640):

for Tashitate' size us* 0;

type Tasn"ypeescriptor is
record

Priority 3yatem.PrIority;
entry-.count vlntg;
block Id blockld;
fIcstopwn_&ddress System.Addzuss;
module nvwev untg;
entry jiumer Dlhtg;
code-address Systan.Address;
stack 512* Systsm.OWord;
ducsy Integer.
stack segment size: uxntq;

end record;

type Acc~axk~ypefescriptor is access Tssk~ype~escriptor;

type NlXSave"rea Is azray(l. 48) of System. Onsiqneduord;

type riagsaype is
record

UPWlag Do300;
lntermupt? lag M001;

end record;
prague packw(lagsype);

type StatesType is
record

state :TaskState;
isabnormal 30.1;

iiaactivated B ool;
fai-ure 30.1;

eid record.
prague pack (StatesType 3

type Acvýtype is
record

bp :Offset;
addr System.Address;

end record;
pragma, pWa(ck (Stype);

pragma page;
type ?askCoetroiMock Is

record
SIM System. Semaphore:
ismonitor integer;

-Delay queue handling

doext System.Task~alue ;
d~cev System.TaskValue;
dMIea Ticks

-- Saved registers

85 SYstem.0"signerd
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Si Offset

-- eedy queue handling

fle~t :Systmn.?skvalue

-- Semaphore handlinq

seinnxt System. ?askValue;

-- Priority fields

priority SystOM. iriority;
"sVed-Priority Systm.VrIority;

"--Iisc*lleaaos fields

time alice System. Unsigned~ord;
flags Fleg,?ype;

seadyComnt Systaff. Word;

-- Stack Specification

stack start Offset;
stack7'endi Offset;

-- state fields

states StatesType;

-- Activation handling fields

activator System.TaskValme;
act chain System.TaskV&lue;
nextChain, System.Task~aluo;
MRonotao0t Systam word;
&at-block slockzd;

-- Accept queue fields

partner System.TaskValuo;
nextjpartnor System. Task~alue;

-- Zatry queue fields

next cal-ler System.Taskvaltae;

-- Rendesvoas fields

called task System.TaskValu;
Isasynch integer;

task-entry Tasknatry;
entzy ýindex Retry~ndax;
inntry-sSOCC Systm.Addzess;
call-par ams Syutein.Addresa;
alt Id .Alternatived;

excp.id .System.Exception~d;

-- Dependency filelds

parent-task Syutem.TaakValuo;
parent-bloak Slockld.
child~task System.TaskValme;
next child SystSM. Task~alue;
fjrirtcbild System. Taskfalue;
prev-Phild. System.TaskValme;
claildckact System.word:
block-act SystOW.Uerd;
tezmisatedtask: Systew. TaskValue;

-- Abortion handling fields

busy System. word;
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-- •Auuiary field.

ttd : AccTaskTypeeScriptor;
riarstcaller System. TkV"iLue;

-- Run-Tim Systm fields

AC: Aýtype; -- cf. User's guide 9.4.2
sarizst :n:eqer; -- Only used in WiS
Smlirst Xnteqer; -- Only used in 1MS

llo=ki~niqUk : System.TaskValue; -- only used in DUB
Palocklnqrtak : System.TaskValue; -- Only used in MYS
collection : System.Addeess;

partition : xnteqer;

?askCheckLiAit : Offset: -- to assure anline storage check
Luastzeption Systiem.Dcd; -- 2 * 16 bits
SavedAdaAddr : Offset; to improve rendezvous's

-- Nix savo area

-- When the application Is linked with -am. a special
-- save area for the NWX is allocated at the very end
-- of every TCZ.

- case PX PteSent is
-- when TRuE > WiXsave : PXSaveAra;
-- when F.ALSU - null;
-- end case;

end record;

-- The following is to assure that the TC3 has the expected size:

TC• size : constant IN2GM :- TaskControlllock' size / 6;

subtype TCB ok value is D1T ran"e 134 .. 134;
TC-ok : Constant TC o kvalue :- TaskControlJlock' size / 6;

end TaskVpe;

F.11 RMS Tasking (OPTIONAL)

The DACS-80x86 systems may run tasking applications by means of Rate Monotonic Scheduling
(RMS). RMS capability is purchased optionally, and is turs not included by defaulL Please conzact
DDC-l for more information regarding RMS and your system. RMS allows the programmer to
guarantee pmperties of a tasking system. i.e. that tasks will meet their hard deadlines. The RMS
tasking is selected by specifying -rmu to the Ada link command.
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